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Different samples of digitalis vary widely in their therapeutic 
effectiveness when given orally to man, and the development of biologic 
methods for the assay of digitalis shows that different specimens of 
the drug also vary greatly in activity on the animal heart, the most 
active being at least three times as potent as the weakest specimen. 
This wide divergence in activity was believed to account for the observed 
variability in the therapeutic efficiency of the drug, and it was hoped 
that the general adoption of one or another method of biologic assay 
would eliminate the uncertainty of therapeutic effects. While this 
has not been accomplished, it is now unusual for the therapeutist to 
find a very weak specimen of digitalis, and it is exceptional for the 
most active specimen to exceed the weakest by more than 50 per cent. 
The average high grade digitalis of the present time is generally a 
fairly trustworthy therapeutic agent, but there still remains a con- 
siderable range in activity of the drug in man and several striking 
instances of the therapeutic failure of presumably excellent samples 
have come to notice. 

The literature on the absorption of digitalis in man is meager, but 
it has been shown’ that the galenical preparations of digitalis are 
absorbed from the human alimentary canal with sufficient uniformity 
to permit the establishment of an average total therapeutic require- 
ment of the drug. The validity of this average requirement has been 
confirmed by several investigators,? and for samples of digitalis from 
various sources and of widely divergent activity. It was also shown? 
that both digitalis and digitoxin are usually absorbed promptly from the 
digestive tract, but no attempt was made to determine the exact rate 
of their absorption, although the evidence indicated that it was essen- 
tially completed within about six hours after administration. 


* Read before the New York Academy of Medicine, Jan. 19, 1922. 

*From the Department of Pharmacology, Cornell University Medical Col- 
lege, The Second Medical (Cornell) Division and The Third (New York Uni- 
versity) Division of Bellevue Hospital. 
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Cohn, Fraser and Jamieson * pointed out the importance of a flat- 
tening or inversion of the T wave of the electrocardiogram as an 
early sign of the action of digitalis on the human heart. Cohn * and 
White and Sattler® have emphasized the constancy and very early 
appearance of a prolongation of the conduction time following the 
therapeutic use of digitalis. Pardee* has confirmed the importance 
of the lowering of the T wave as an evidence of the action of digitalis 
on the heart and has employed it in an investigation of the rate of 
the absorption of the drug by man. He gave doses of one half to two 
minims of the tincture per pound of the patient’s body weight to nine 
patients and found that the action on the heart muscle as shown by 
the change in the T wave began in from two to four hours and reached 
its maximum at the sixth or seventh hour. He says that the beginning 
change in the T wave was noticed by the second hour in three patients, 
but that it might have been observed in others had more records been 
taken at that hour. : 

Robinson ? studied the action of single large doses of the tincture 
of digitalis in a series of carefully controlled cases with auricular 
fibrillation and observed that the first effects in sixteen cases made 
their appearance in from two to five hours after the administration 
of the drug by mouth. He employed as the criterion of beginning 
action the appearance of definite reduction in the ventricular rate, 
which progressed on subsequent observation. Although the magnitude 
of the dose, the type of patient, and the index of digitalis absorption 
and action on the heart mechanism were all different from those in 
Pardee’s series, Robinson’s observations confirm those of Pardee with 
reference to the rapidity and comparative uniformity of absorption 
of digitalis from the human alimetary canal. 

The observations reviewed are not in harmony with those recorded 
by Wedd." He employed two assayed preparations of the tincture 
(cat method) and gave daily doses of from 8 to 12 c.c., usually 10 c.c. 
One tincture, having a cat unit of 111 mg., was given to five patients as 
follows: The first patient took 72 ¢.c., or 0.52 cat unit per pound ;* with 
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6. Pardee, H. E. B.: Rate of Absorption of Digitalis from Gastro-Intes- 
tinal Tract, J. A. M. A. 75:1258 (Nov. 6) 1920. Principles of the New Method 
of Administering Digitalis, New York M. J. 110:1064, 1919. 
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the production of nothing but slowing of the pulse while at rest in 
bed. The second patient took 115 c.c., without clinical effect, or a 
total of 0.80 cat unit. The third patient took 0.67 cat unit, or 101 c.c., 
with very slight slowing and no toxic effects. The fourth patient showed 
marked reduction in the pulse rate, but no toxic symptoms after a 
total of 137 c.c., or 0.87 cat unit, and the fifth patient showed similar 
effects after 149 c.c., or 0.95 cat unit. Although this sample of digitalis 
was of approximately average activity on the cat, it is evident that it 
was therapeutically unsatisfactory, either due to poor absorption or to 
unusually rapid elimination. 

The second tincture Wedd used was 30 per cent. more active on 
the cat than the first and gave better therapeutic response, although 
the range of total dose required varied within wide limits. Some 
patients took from two to nearly four times the average total dose, 
as determined by Wedd in twenty-two patients, without marked 
intoxication. Wedd concludes that the inefficiency of the first tincture 
was due to delayed absorption from the alimentary tract, the cause 
of which is unknown. He says, as a result of his use of these 
two tinctures in twenty-seven patients, “It is evident, however, that 
biologic standardization showing approximation to theoretic strength 
is no guarantee of the clinical efficiency of a given preparation of the 
drug. Individual power of absorption for a given tincture appeared 
to be quite uniform, so variation in toxic dosage is due to variation in 
individual tolerance for the drug.” He says, further, “No constant 
relation between the amount of digitalis that could be given and the 
age or body weight of the patient or the condition of the myocardium 
could be discovered.” We will return to these statements subsequently. 

Wedd also found that the first definite effect of digitalis on the 
heart was a lowering or inversion of the T wave of the electrocar- 
diogram. In one patient this effect began after 16 c.c., of the first 
tincture was taken, and in the remaining four an average of 34 c.c. 
was required before any definite change could be detected. The second 
tincture showed beginning changes in the T wave after 10 c.c.., or 
less in most cases, indicating that the first tincture was absorbed 
much less rapidly than the second. Several other instances of speci- 
mens which were poorly absorbed and therapeutically unsatisfactory 
have also come to our attention and have been referred to elsewhere.” 

Prior to the appearance of Wedd’s paper Hatcher ’® had been 
studying the extraction of digitalis with a view to obtaining a satis- 
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factory preparation for intravenous use and had found that the active 
principles of the drug were readily separable into two fractions by 
extraction of the aqueous extract with chloroform. He found that 


the fraction which was soluble in chloroform bore close resemblances 


to digitoxin both chemically and pharmacologically and was readily 
absorbed from the alimentary tract of the cat. The water soluble 
remainder, or the chloroform insoluble fraction, on the other hand, 
resembled digitalein pharmacologically and was both poorly and irreg- 
ularly absorbed from the alimentary canal of the cat. Both fractions, 
however, when tested pharmacologically produced typical digitalis 
actions. Hatcher found that the relative proportions of these two 
fractions varied widely in different samples of digitalis, although 
technical difficulties have so far prevented the elaboration of a satis- 
factory method for the accurate quantitative determination of the 
relative proportion of the fractions. Nevertheless, several therapeuti- 
cally unsatisfactory samples of digitalis were examined and found to 
contain decidedly smaller relative proportions of the chloroform soluble 
fraction than were present in the average specimens. This would 
account for the poor absorption of these specimens by man, provided 
that in man the two fractions show differences in absorbability similar 
to those shown in the cat. 

The findings reviewed show (1) that most high grade digitalis 
commercially available is absorbed from the alimentary tract of man 
with a fair degree of uniformity—at least sufficient to permit the estab- 
lishment of a satisfactory average therapeutic requirement; (2) that a 
considerable proportion of a single large dose may be absorbed within 
from two to four hours; (3) that the absorption of a single dose is 
generally completed within from six to eight hours; (4) that specimens 
of digitalis are sometimes encountered which, while biologically of 
satisfactory activity, are therapeutically unsatisfactory apparently on 
account of slow and poor absorption; and finally, (5) that digitalis is 
easily separable into a chloroform soluble fraction which is readily 
absorbed from the digestive tract of the cat and a chloroform insoluble 
portion which is slowly and poorly absorbed. The last finding suggests 
an explanation of the unsatisfactory clinical results yielded by some 
samples of digitalis. Therefore it seemed advisable to undertake an 
extensive reinvestigation of the whole matter of digitalis absorption 
in man, especially in view of the observations of Hatcher *° on the two 
fractions obtainable from the drug. This was begun in 1919 and a 
preliminary report was published in 1920° in which evidence was 
obtained as to the relative absorbability in man of the chloroform 
soluble and the chloroform insoluble fractions. Certain of the observa- 
tions presented in that report will be reviewed in connection with the 
discussion of the results of the investigations about to be detailed. 
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At present we desire to emphasize the fact that the chloroform soluble 
fraction was shown to be absorbed from the digestive tract of man 
at least as rapidly as are the best tinctures, and its absorption was 
shown to be more nearly uniform than that of different tinctures. The 
chloroform insoluble fraction was shown to be absorbed very poorly 
by man. The similarity in the behavior of the cat and man toward 
the absorption of these two fractions was thus established. Finally, 
a working average dose of the chloroform soluble fraction was estab- 
lished which enabled us to proceed at once to the determination of 
the rate of its absorption after the oral administration of large single 
doses, or of large doses given in two or three fractions at short intervals 
of time. 
METHODS AND SCOPE OF INVESTIGATIONS 

Patients suffering from various degrees of cardiac failure, and a 
few without clinical evidences of failure, were selected to exclude all 
who had been receiving digitalis in any form or in any dose within two 
weeks of the beginning of observation. All patients were placed on an 
arbitrary fixed regimen which included confinement to bed with the head 
elevated, a simple semisolid diet, and when edema or anasarca was 
present the daily fluid intake was limited to between 1,000 and 1,500 
c.c., except when the Karrel diet was deemed necessary. The patients 
were weighed before the administration of digitalis and at intervals 
during and after its administration, an effort being made in every 
patient with edema to secure his weight after the disappearance of all 
edematous fluid. In patients with edema the initial dose was calculated 
on the body weight after deduction of the estimated weight of edema 
fluid. Whenever the patient’s condition permitted, he was given a 
period of rest in bed on the fixed regimen for from three to five days 
before the digitalis was administered. Whatever dietary prescription 
was adopted in any patient was maintained until the period of initial 
observation of the effects of digitalis was completed. Occasional doses 
of codein, morphin or a simple laxative were required, but aside from 
these no other drug therapy was permitted. 

All patients were examined by one or both of us at frequent intervals 
before and during the course of treatment and the patient’s condition 
was described as accurately as possible. At least one control electro- 
cardiogram was made of all but seven patients shortly before the 
administration of digitalis. Within from one half to three hours follow- 
ing the initial dose of digitalis, electrocardiograms were taken hourly, 
with few exceptions, for from four to seven hours. 

Digitalis: In order to make comparisons we employed four different 
lots of the chloroform soluble fraction, which we have termed for con- 
venience, “purified tincture.” These were prepared and supplied to us 
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by Dr. Robert A. Hatcher in the form of a solution of the chloroform 
soluble substance in 60 per cent. alcohol of such strength that 1 c.c. of 
the purified tincture represented one cat unit in activity. These purified 
tinctures were derived from many different specimens of digitalis, as 
follows: P.T. 3-18-20 consisted of a repurified mixture of many 
specimens of the purified chloroformic extract prepared in different 
ways from a variety of specimens of digitalis leaf. P.T. 7-23-20 was 
prepared from the powdered leaf from which the galenical tincture 
H was made. P.T. 8-19-20 was also prepared from the same leaf as the 
preceding, but efforts made to repurify this specimen yielded one which 
was weaker than the ordinary purified—an unusual result. P.T. 12-30-20 
was a mixture of twenty-five different specimens which were purified 
with a view to the removal of traces of chlorophyl, volatile oil and of 
saponin. 

For comparison with these we used two samples of galenical tincture 
of digitalis, S, being a specimen which in the hands of others had proved 
therapeutically unsatisfactory. Tincture H was made from a leaf which 
on examination had yielded a relatively very low proportion of the 
chloroform soluble fraction. Both specimens were biologically of good 
activity. 

Preparation and Standardization of Purified Tincture: The active 
substance of the purified tincture is obtained in the simplest way by 
infusing the powdered digitalis with cold water, shaking this with chloro- 
form, distilling the chloroform, washing the residue with petroleum 
ether, and drying.’® The yield by this method is smaller and a larger one 
can be obtained by infusing the powdered digitalis with from seventy-five 
to 100 parts of hot water, shaking the infusion several times with 
chloroform, washing the chloroform with distilled water, and proceeding 
as described. 

Since the preliminary report Hatcher *’ has found that the chloroform 
soluble extract contains a large proportion of a digitalis body which is 
very rapidly eliminated after intravenous injection into the cat, and 
which does not correspond to any digitalis body hitherto described. Its 
action is so fleeting that it probably does not participate in the thera- 
peutic action of the purified tincture of digitalis, though it does par- 
ticipate in the action following intravenous injection. For clinical use 
by oral administration the purified tincture is standardized as follows: 

About 75 per cent. of that dose which causes death in the cat when 
injected intravenously at once is administered intravenously to each of 
several animals. After an interval of three hours (during which prac- 
tically all of the rapidly elimated substance is excreted) the amount of 
ouabain required to cause death by intravenous injection is determined. 
The difference between the amount of ouabain required in such an 
experiment and that required to kill a normal animal of the same weight 

















EGGLESTON-WYCKOFF—ABSORPTION OF DIGITALIS 139 


is equivalent to that portion of the previously injected purified tincture, 
the action of which persists. The following calculation illustrates the 
method: A cat weighing 2 kg. received 1.5 ¢.c. of the purified tincture 
intravenously ; after three hours it required 50 per cent. of the average 
fatal dose of ouabain to cause death, hence the action of 50 per cent. of 
the average fatal dose of the purified tincture persisted. Since 1.5 c.c. 
represented 50 per cent. of the fatal dose by this method, it follows that 
3c.c., or 1.5 c.c. per kg. of weight, would represent 100 per cent. of the 
fatal dose in terms of the substance having a persistent action. There- 
fore 1.5 ¢.c. of this purified tincture would represent one cat unit as 
determined in this manner, which Hatcher terms for convenience the 
“slow combined ouabain method” of assay. 

The cat unit of the purified tinctures standardized by the slow com- 
bined ouabain method, therefore, represents the activity of that portion 
only which has a persisting action, the rapidly eliminated portion having 
been excluded from consideration. All of the purified tinctures used in 
the present study were standardized in this manner. 


REPORT OF CASE 
The following abstract of a typical case will serve to illustrate the 
method of study in detail: 


G. F. (Fig. 1), male, aged 56, bartender, was admitted to the hospital. 
April 2, 1921. Discharged April 14—improved. 

Chief Complaints on Admission: Shortness of breath, cough, and swelling 
of legs. 

Family History: Father died of heart disease at 76. 

Past History: Yellow fever twenty-one years ago; acute arthritis in right 
shoulder and both elbows seven years ago. Denies venereal infection. 

Habits: Has used alcohol to excess, especially during the past two years. 
Drank half a gallon of coffee daily until two months ago. Smokes heavily. 

Present Iliness—This began gradually eight months ago with dyspnea on 
exertion only. This became worse, and dyspneic attacks began to occur with- 
out exercise, usually at night. For the past six weeks he has suffered from 
nocturnal orthopnea. With the increasing severity of the dyspnea there has 
developed a sensation of fluttering about the heart. His legs began to swell 
six weeks ago. The conditions have all grown gradually worse up to time of 
admission. 

Physical Examination.—Patient is a large man, very cyanotic, dyspneic and 
orthopneic. Veins of neck not visibly distended. Lungs show signs of con- 
gestion at both bases. Heart: Apex beat not visible, point of maximum 
intensity in sixth intercostal space 12 cm. to left of midline. Dulness extends 
4 cm. to right of sternal margin in second intercostal space. No murmurs are 
present. Heart sounds are of poor quality, and the rhythm is totally irregular. 
Rate at apex —142. Pulse: Radial arteries sclerosed, pulse totally irregular, 
rate 120. Abdomen: Adipose and pendulous; no ascites detected. Liver edge 
palpable 5 cm. below free border of ribs, tender but not pulsating. Marked 
edema of legs and scrotum. 

Laboratory Examination.—Blood Wassermann test negative. Urine: Trace 
of albumin and a few casts. 
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Treatment.—Patient was confined to bed and provided wth a back rest. The 
diet was semisolid with the fluid intake restricted to 1,000 c.c. per twenty-four 
hours. A single dose of purified tincture of digitalis 12-30-20 amounting to 
11.5 cc. was given at 12:45 p. m., April 5. 

Clinical Course —April 4: With rest in bed and restricted fluid intake 
patient's edema has diminished. He is still dyspneic and orthopneic and some 
edema persists in legs. 

April 5: 12 noon: Patient's condition practically as on April 4; says he 
feels a little better. Liver edge as before. Still some edema of legs and some 
dyspnea and orthopnea 

April 5: 5:30 p.m.: Patient says he feels much better. He is less dyspneic 
and is able to lie nearly flat without discomfort. There is no nausea or vomiting. 

April 6: There is no pulse deficit today. His general condition is much 
improved. Is able to lie flat. 

April 7: Liver is no longer definitely palpable, but there is still some ten- 
derness in right hypochondrium. Edema has entirely disappeared. 

From this time on patient continued to improve until discharged. Figure 1 
shows some of the events in the course of his treatment. 


More than seventy patients were studied in the manner just described 
before the investigation was brought to a close. No analysis of the 
results was undertaken until this time and it was found that, for one or 
another reason, usually some omission of data, a number of the 
records had to be discarded. The records of fifty-two courses of 
administration to fifty-one patients remained, in which the data were 
sufficiently complete, and it is on these that the present paper is based. 
Space does not permit the presentation, even in brief abstract, of the 
records and we have resorted instead to the preparation of several tables 
in which the details are presented in a form more readily available for 
study and analysis. In every instance we analyzed the electrocardiograms 
without knowing the preparation of digitalis which the patient received, 
the dose given or the time of its administration in order to avoid any 
unconscious bias, especially in view of the fact that our preliminary 
work had indicated a more rapid rate of absorption for the purified 
tinctures than for the galenical. 

Tables 1 and 2 show the nature of the earliest effect which was 
observed following the administration of the digitalis; the dose which 
produced this effect, expressed in terms of a fraction of a cat unit per 
pound of the patient’s body weight; the time in hours at which the 
first effect was manifested, measured from the time of the administration 
of the drug; the nature of the phenomena evident at the time of 
maximal therapeutic effects, and the dose and time at which these 
developed just as in the case of the earliest effects. When more than 
one dose of digitalis was administered during the period of observation 
covered in the table the time is taken from the administration of the 
first dose. In all of the patients receiving the purified tinctures the 
first effects followed a single dose, and while this was also true in many 
of those receiving a galenical tincture, in some two or more doses were 
administered before any effects were demonstrable. Table 1 includes 
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only those patients showing sinus rhythm, while the same types of 
observations are presented in Table 2 for the group of patients having 
auricular fibrillation. 

It will be noted that we have not limited ourselves to any single 
phenomenon, or to any small group of phenomena, for the determination 


: 


' : 


Fig. 1—Chart showing course of events in patient 42, with auricular fib- 
rillation. At 12:45 p. m., April 5, 1921, a single dose of 11.5 c.c. of purified 
tincture of digitalis 12-30-20 was administered—indicated by the black square 
on the chart. 


of the onset of earliest digitalis effects, but instead have recorded the 
first definite digitalis effect which made its appearance. This was done 
because it was our object to determine the very earliest evidence of 
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digitalis action as an index of the rate of the absorption of the drug, 
and since the earliest manifestation is not always the same we felt that 
the adoption of a limited number of criteria would lead to erroneous 


TABLE 1.—Suow1ne THE INITIAL AND THE FuLt THeraApeutic Errects Propucen, 
with THE Doses Propucinc THEM AND THE TIMES OF THEIR APPEARANCE, 
FOR PATIENTS WITH Sinus RHYTHM 











Cat Time Cat Time 
Units in Units in 
No. Initial Effects per Lb. Hours Full Therapeutic Effects per Lb. Hours 
Purified Tineture Digitalis No. 3-18-20 
DS BR TE vcs cstcneceisecs 0.006, 1 WEE inidoshevungskicedaadincis 01% # 
2 Lowered T2 and T3........ ~o.06T +2 aes T2 diphasic, premature 06.068 4 
con 
3 Slight slowin 1 nay 7 RRA ee 0.095 4 
4 Increased P- 1 —s diphasic T2, increased 0.056 3 
© BE - OE cavetacccdsintas 1 — diphasic T2, increased 0.059 5 
6 Slight slowing .. 1 Clinical D pemtantnss - 0.104 4s 
7 Slight slowing 6.061 _ eae “+ anne es 
§ No preliminary observation ..... Lowered T2, increased P- -- 0073 5 
Purified Tincture Digitalis No. ag 
D DOOR TE scecocicveuncsans 0.081 1 i Kk ee ee an 
DP . TE. wnetece-cavncsens 0.059 1 Lowered T2, clinical improve. 0.050 5 
ment 
Purified Tincture Digitalis No. 7-23-20 
11 Slowing, lowered T?2........ 0.051 1 Marked slowing, T2 diphasic, in- 007 5 
crensed 
12 Slowing, increased P-R..... 0.040 2 TREES wicavesecttanpesskocessecse 0.03 5 
13 Lowered T2, increased P-R 0.065 1 — mee further slowing, 0.000 5 
nversion 
14 Slowing, lowered T2........ 0.052 1 Marked slowing, removal of pre- 6.085 4 
mature contract. 
Purified Tineture Digitalis No. &19-20 
WS RE DD xccsiicccsecsssis 0.046 1 Diphasie T2, dropped beats, 0.070 He 
16 Lowered T2, slowing....... 0.050 1 Inverted T2, auricular fibrilla- 0.082 5+ 
tion. ventricular paroxysm, 
tachycardia, coupled rhythm, 
nausea, vomiting 
Tincture Digitalis No. S 
17 Coupled rhythm, prema-+0.118 7 RE. ecbkvGuentwssigtencasasers 0.253 » 
ture contract 
1S Increased P-R, lowered T2. 6.118 5 ee seine - 
19 Lowered T2, premature con- 6.117 8 aes ee 0.173 18 
tract. 
SD GE BB i cseccetsviscion 0.122 1 Vomiting. marked clinical im- 0.390 S4 
provement, diuresis, slowing 
21 Slowing, lowered T2........ 06.100 5 Siowing, lowered T2, slight clin- 0.170 6 


ical improvement 
Tincture Digitalis No. H 


2 _ 5 \acraee T2, 0.060 2 a lowered T2, increased 0.144 49 
23 Mam P-R, lowered T2. 0057 3 Emesis, slowing, T2 diphasie 0.260 74 
increased P-R 
24 Slowing, lowered T2........ 0.078 3 Slowing. premature contract., 0.260 #2 
clinical improvement 
25 Lowered T2. slowing, in- 6.100 3 Further slowing, increased P-R, 0.100 7 
creased P-R lowered T2 





results. Where two or more phenomena appeared simultaneously they 
are recorded. Slowing was usually determined from the electro- 
cardiograms rather than from counts of the pulse or heart beat. 

The cases are numbered serially through Tables 1 and 2 and the 
numbers correspond to those appearing in subsequent tables. 
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In Cases 2 and 8, in which no control electrocardiograms were taken, 
the lowering of the T wave recorded was determined by comparison 
with the first record taken, which was obtained in both instances one 
hour after the initial dose of digitalis. 


ANALYSIS OF OBSERVATIONS 

Definite initial effects of digitalis were recorded in thirty-three cases 
receiving the purified preparations, fifteen being patients with the sinus 
rhythm, and eighteen with auricular fibrillation. These are shown in 





+ * 


Fig. 2—Chart showing course of events in patient 11, with sinus rhythm. 
L. A., aged 30, married. Rheumatism at 12 and frequently since. First symp- 
toms of heart failure six years ago. In hospital with heart failure in 1914. 
and 1920. Admitted this time Nov. 27, 1920. Apical impulse visible and 
palpable sixth space at anterior axillary line. Double murmur at both base 
and apex. Diagnosis: Rheumatic heart disease with aortic insufficiency, mitral 
stenosis and insufficiency. Heart failure of the congestive type. Rest in bed 
on back rest. Salt-free diet, fluids limited to 1,000 c.c. Purified tincture digi- 
talis 7-23-20 was given Dec. 7, 1920, as follows: 5 c.c. at 12:30 p. m.; 2 c.c. 
at 2:30 p. m., and 2 c.c. at 4:30 p. m. 


Table 3. In three of the four remaining cases preliminary control 
records were not obtained. The fourth patient, while presenting definite 
auricular fibrillation, showed no evidences of heart failure other than a 
slight pulse deficit. His control electrocardiogram, taken the day before 
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the administration of digitalis, showed a lower ventricular rate than any 
recorded before the fourth hour after the administration. It was, there- 
fore, impossible to assign the time of beginning effects with accuracy. 


TABLE 2.—Suow1nc THE INITIAL AND THE FuLL THerapeutic Errects Propucep, 
WITH THE Doses Propucinc THEM AND THE TIMES OF THEIR APPEARANCE, 
FoR PATIENTS WITH AURICULAR FIBRILLATION 








Cat Time Cat Time 
Units in Units in 
No. Initial Effects per Lb. Hours Full Therapeutic Effects per Lb. Hours 
Purified Tincture Digitalis No. 3-18-20 
S Me KB. EB. G. cece pigdeouine nonne -_ ag removal of deficit, clin- 0.144 +24 
ical improvement 
27 moved deficit, slowing. ..+0.073 2 Clinieal improvement, slowing.. 0.112 24 
28 Slight slowing, vomiting 0.058 2% Pronounced slowing, vomiting... 0.084 8% 
29 Slowing, clinical improve- 0.060 OO camel in 
ment, lowered T2 
> TO a ee . ndnntctecderccns ee Marked clinical improvement.... 0.133 KS) 
31 Slowing, clinical improve- 0.058 2 SE TD. ncncnecccncioonaesccs same’ a 
ment, reduced deficit 
SE DR candacessccsesccces oswee ee Slowing, mans deficit removed.. 0.058 4 
33 Beginning slowing .......... 0.062 1 Clinieal improvement, slowing, 0.062 +22 
pulse deficit removed, diures 
Purified Tincture Digitalis No. 12-30-20 
uM we reduced pulse 0.065 1 RY ID eniaaiewnbntacnenseness 
t 
35 Slowing, reduced pulse 0.058 2 MRE GTI . casevssevccnretsens 0.03 —22%5 
t 
By TE. bcacecncnncnevseensie 0.053 1 Marked slowing, clinical im- 0.053 —22% 
provement 
Oe SED sensdcisccrnvatbunees 0.053 1 Slo ~¥ sanaceeiee O077 +24 
38  aukepesasanbchienameé 0.063 1 Marked slowing, pulse deficit re- 6.131 
moved, = improvement 
BD BOGE. enseiscesiascotesesan 0.060 Vy ~aaee lowing, clinical im- 0.06 —21 
a. 
GP TRE civtccasctcsentdceass 0.056 1 eietns. clinical improvement, 0.056 +7 
pulse deficit removed 
41 Marked slowing, lowered T2 0.057 —1% purther re. pulse deficit 06.067 a 
removed 
42 Marked slowing ............ 0.057 % Further slowing, clinical im- 0.0657 8% 
provement, lowered Tl 
GO GR cbtedccctoccsccsvecse +0.056 1 ee CTD cb csoecasetdesces +0.056 3 
Purified Tincture Digitalis No. 7-23-20 
00 GRID. acisecocccariicsinenca 0.051 1 Marked —- pulse deficit 0.000 5 
removed, emesis 
45 Slowing, reduced deficit.... 0.073 2 Vomiting, slowing .............. 0.073 5 
Purified Tincture Digitalis No. 8-19-20 
46 Marked slowing ............ 0.048 1 Inverted T2, premature con- 0.101 5 
tract. 
Tincture Digitalis No. S 
47 Marked slowing ............ 0.17 3 Supply “ Dna eae ais 
48 No control record.......... seven ee Clinieal improvement, emesis, 0.149 20 
pulse t removed 
Tincture Digitalis No. H 
2 ee 0.049 Oe” IE i ceteinnennavanangesenedéts 0.158 6s 
%® Slowing, premature con- 0.053 5 Slowing, removal of deficit..... 0.080 23 
tract., lowered T3 
51 Slight slowing ............. 0.064 5 Slowing, block, removal of def- 06.330 86 
ieit, diuresis 
52 Slowing, T2 diphasic....... 0.068 4 ere 





The dose producing definite initial effects varied from 0.04 to 0.073 
cat unit per pound with an average of 0.056 cat unit for all cases. If 
the cases with sinus rhythm be considered alone, the average dose 
producing definite initial effects is 0.054 cat unit, as compared with an 
average of 0.058 cat unit for the cases with auricular fibrillation. The 
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maximum variations from the average are 28 per cent. below and 30 
per cent. above, with only six cases varying by as much as 15 per cent. 

Thirteen patients in whom definite initial effects were recorded after 
the administration of one or the other of the two galenical tinctures 
showed an average dose of 0.087 cat unit per pound for the production 
of those effects. In these the range of variation extended from 39 per 
cent. below to 40 per cent. above the average dose. 


TABLE 3.—SuHowinG Averace Doses or Puririep AND OrriciAL TINCTURES IN 
Fractions oF Cat Unit Per Pounp or Bopy WEIGHT 








First Time in Full Time in Number of 
Effects Hours Effects Hours Cases 
Purified Tinctures 
Auricular fibrillation............. 0.058 1.26 0.081 15.7 18 
es icin wxdniiakitseiew 0.054 1.20 0.084 10.3 1 
PBB acccisccssvececivisseseoes 0.056 1.23 0.082 13.4 33 
Official Tinetures 
Auricular fibrillation............. 0.069 44 0.212 43 5 
A a sncdce cnanciucdeens 0.006 3.75 0.213 44 9 
A ee 0.087 3.98 0.213 43.7 Mu 





These variations in dose from the average indicate a somewhat 
greater variability in the absorption of the galenical tinctures than in 
that of the purified preparations, but they are misleading in that they 
fail to bring out the true magnitude in the variability in the absorption 
of different tinctures. This is more clearly shown in Table 4. 

It has previously been shown that the size of the dose of digitalis 
is not materially influenced by the presence or absence of auricular 
fibrillation,’ and this fact is here confirmed. In Table 4, therefore, the 
average doses producing initial effects are inclusive of all cases. The 
average has been determined for each preparation separately, and the 
variations are shown for each in terms of percentages of the average 
dose for that preparation. To this we have appended the corresponding 
figures reported in a previous paper’ and based on the administration 
of seven different official tinctures to twenty-one patients. 

From Table 4 it is seen that the greatest total range of variation 
among the purified tinctures amounts to 44 per cent. of the average 
dose—23 per cent. below and 21 per cent. above. For the official 
tinctures included in the present study the maximal range of variation 
in dose is 77 per cent.—25.7 per cent. below and 51.5 per cent. above— 
or not far from twice as great a variation as in the case of the purified 
specimens. If we compare the range of variation of the purified tinctures 
with that observed among seven different official tinctures previously 
studied the contrast is even greater, namely a total range of 44 per cent. 
for the former as against 116 per cent. for the latter. 

The relatively greater uniformity of the absorption of the purified 
preparations than of the official tinctures is also shown by a comparison 
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of the average doses of the several preparations of a given class. As 
those doses are expressed in terms of activity of the drug in all cases 
their comparison clearly reflects differences in absorbabilty as shown 
by the appearance of evidences of action of the drug on the heart. The 
average doses of the purified tinctures shown in Table 4 differ from 
one another by only 0.014 cat unit, while those of tincture S and tincture 
H differ by 0.049 cat unit per pound. It is interesting to note also that 
while tincture S was less readily absorbed, as shown by the larger dose 
required, its absorption was apparently decidedly more uniform than 
was that of tincture H. The criteria for the determination of the 
development of full therapeutic effects from the administration of 
digitalis are, of necessity, less precise than are those marking the onset 
of the first demonstrable action. For this reason a study of the average 
doses producing full therapeutic effects and the variations from the 


TABLE 4.—SuHowi1nc Averace Doses Propucine Initia Errects witH 
RANGE OF VARIATION 








Range of Variation in 
Percentage of Average 





Average Initial 





Preparation Dose Cat Unit = Lb. Below Above 
0.062 (12)* 9.6 17.7 
0.057 (12) 10.5 140 
0.052 (6) 23.0 21.0 
0.048 (3) — oases 
0.115 (6) 13.0 6.0 
ND Miers se sxrascdeesvssewianseece 0.066 (8) 25.7 51.5 
BOVE CERSSNIEEE .. cc ce cvccscccccvccecse 0.095 (21) 59.0 57.0 





* Number of ¢ 
+ Taken oom “Digitalis Dosage,” loc. cit. 


averages are less satisfactory in indicating differences in absorbability 
of the two types of preparation. Furthermore, in approaching the 
induction of full therapeutic effects, or minor toxic action, it was our 
custom to reduce the size of the individual dose which was given at 
six hour intervals so that the time over which administration was 
extended varied widely and sometimes was sufficient to permit of an 
appreciable elimination of the drug. This was specially true in the 
cases of the official tinctures, which were absorbed so much more slowly 
that it sometimes required more than three days for full digitalization. 
Nevertheless, reference to Table 3 shows that an average of nearly 
two and one half times as much of the galenic tinctures as of the 
purified was required for the production of full therapeutic effects. 
Since throughout the doses are expressed in terms of the same biologic 
unit of activity, this difference in dose must be due to differences in 
absorption, the purified tinctures being absorbed much more completely 
than the galenical. This is also shown to be the case if we compare the 
average dose here established for the purified tincture—O.082 cat unit 
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per pound—with that of 0.146 cat unit per pound previously established 
for seven different official tinctures of widely divergent activity. The 
average total full therapeutic dose of the two tinctures employed in the 
present series of observations is materially higher than that previously 
established due to the fact that the two tinctures here studied were 
therapeutically unsatisfactory owing to poor absorption. Tincture S is 
the preparation used by Dr. B. S. Oppenheimer’ in three patients 
who took amounts equivalent to 134 c.c., 193 c.c. and 233 c.c., respec- 
tively, in twenty-three, thirty-eight and forty-three days without signifi- 
cant digitalis action. If these totals were divided into uniform daily 
doses they would have amounted to from 5 to 5.8 c.c. per day, or about 
twice the average daily dose of a well absorbed tincture of average 
activity which can be taken continuously without the development of 
cumulation. 











Fig. 3.—Chart showing control electrocardiogram—10 a. m.; and hourly 
records beginning one hour after single dose of purified tincture of digitalis 
amounting to 0.045 cat unit per pound. Patient 13. The figures give the average 
length of the P-R intervals taken from several consecutive beats. The decrease 
in the height of the T wave and its final inversion are also shown. 


SuMMARY: Purified tincture of digitalis is shown to be absorbed 
from the human alimentary canal both more nearly uniformly and more 
completely than are different official tinctures, as measured by the 
ranges of variation of the doses causing initial effects from the average 
doses for their production, and by the difference in the amounts required 
for the production of full therapeutic effects. 

Rate of Absorption.—Tables 1 and 2 show the time in hours from 
the administration of the first dose to the appearance of the first 
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demonstrable evidences of absorption and to the development of full 
therapeutic effects. From these data the average times shown in Table 3 
have been calculated. It is seen that the average time from administra- 
tion to onset of evidences of absorption is just under one and a quarter 
hours in the case of the purified tinctures, while it is just under four 
hours with the galenic tinctures, or three times as fast with the former 
as with the latter. The difference is probably even greater than here 
shown, for we had not anticipated the onset of evidences of absorption 
in less than one hour so that in the majority of our cases the first 
cardiogram was not taken until one hour after the initial dose, and in 
some not until two hours or more after the dose. 

Of the thirty-three patients receiving the purified tinctures, twenty- 
five showed definite evidences of absorption of the drug in one hour 
or less, and among the remaining eight the first electrocardiogram was 
taken one hour after the initial dose in only four, in one of whom 
the control record, however, was taken three days before and showed 
a slower heart rate than any recorded for three hours after the digitalis 
was given. In this patient hourly records of the pulse deficit were taken 
and this had fallen markedly in two hours. In three of the remaining 
four cases tl.ere was no electrocardiographic control record, the hourly 
pulse deficit record again being used as the guide to digitalis action. In 
the eighth patient the first electrocardiogram was not taken until two 
and three quarter hours after the administration of the digitalis. In 
one of the patients receiving the purified tincture absorption was evident 
in half an hour and in a second in three quarters ef an hour. 

The average time required for the absorption of the official tinctures 
is three times as long as for the purified tincture, and the individual 
patients show a much wider range of variation. Thus only one out of 
the total of fourteen patients showed definite evidences of absorption 
in as little as one hour, and one other in two hours, while five required 
five hours and one required seven hours to absorb sufficient tincture to 
produce definite evidences of the action of the drug. 

When we consider the average times required to produce full 
therapeutic effects, a similar relationship is manifested between the rates 
of absorption of the two types of preparation, the purified tinctures 
producing full therapeutic effects in less than one-third of the time 
required for the galenic tinctures. Among the total of thirty-three 
patients showing full therapeutic effects from the purified tinctures only 
seven required twenty-four hours or longer for the development of 
these effects. Of these seven, one (No. 6) received no further digitalis 
until thirty-six hours after his initial dose, and in the case of another 
(No. 38) the interval between the initial dose and continuation of 
administration was thirty hours. In the remaining five no such intervals 
elapsed, and the explanation for the delayed absorption must be sought 
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Fig. 4.—Chart showing control electrocardiogram—10 a. m.; and hourly 
records beginning one hour after single dose of purified tincture of digitalis 
amounting to 0.056 cat unit per pound. Patient 40. The figures to the right 
indicate the ventricular rates obtained from counts of all three leads. Lead II 
only is reproduced here. 
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in the patients themselves in three of the cases (Nos. 1, 27 and 30). 
It seems probable that these were patients who, for some reason as yet 
unknown, were unable to absorb the drug with the usual rapidity. In 
the cases of the other two (Nos. 26 and 37) the full effects were first 
observed after the lapse of the night, and the precise time of their 
appearance was not determined. The times in these two are marked 
with a plus-minus (+) sign to indicate the uncertainty of the interval. 

Further, among the purified tincture group nineteen showed fully 
developed therapeutic actions of the drug in five hours or less, two show- 
ing them within three hours following the administration of a single 
dose. These two patients, however, were unusually susceptible to the 
action of the drug, responding to as little as 68 per cent. of the average 
total dose required. 

Contrasting with these figures are those for the individual cases of 
the galenic tincture group, among which only one patient developed full 
therapeutic effects in less than eighteen hours, that one responding in 
seven hours. The average time for the development of full therapeutic 
effects in this group is materially longer than that previously recorded ' 
for twelve cases receiving different samples of galenical tincture 
in large doses, namely, twenty-eight hours. This is due to the fact that 
the two tinctures employed in the present investigation were less readily 
absorbable than were those used in the previous study, as has been 
mentioned earlier in the discussion of the dosage. 

Summary: Purified tinctures of digitalis are shown to be absorbed 
from the human digestive tract in sufficient amount to produce definite 
cardiac actions in an average of less than one hour and a quarter, and 
in amounts sufficient to produce full therapeutic effects in an average 
of a little more than thirteen hours. Their absorption is more than 
from two to three times as rapid as is that of different galenic tinctures, 
whether judged by the development of initial or of full therapeutic 
effects. 

Nausea and Vomiting.—Digitalis has been shown" to produce 
nausea and vomiting in animals after the extirpation of the gastro- 
intestinal tract, and the action was assumed to be direct on the, vomiting 
center since no other method was known. It was also shown ™ that 
the same mechanism was responsible for the nausea and vomiting 
observed in man after the administration of digitalis. Hatcher and 
Weiss ** have pursued the problem further and have very recently shown 
that the vomiting produced by digitalis and its allies in animals is the 


11. Hatcher, R. A., and Eggleston, Cary: The Emetic Action of the Digi- 
talis Bodies, J. Pharmacol. & Exper. Therap. 4:113, 1912. 

12. Eggleston, Cary: Clinical Observations on the Emetic Action of Digi- 
talis, J. A. M. A. 61:757 (Sept. 6) 1913. 

13. Hatcher, R. A., and Weiss, Soma: Seat of the Emetic Action of the 
Digitalis Bodies, To be published. 
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result of protective reflexes arising in the heart when it is poisoned by 
the drug. These cardiac reflexes apparently pass to the medullary 
vomiting center through afferent sympathetic fibers mainly, and to a 
lesser extent through afferent fibers contained in the vagi. 

Following the work of Hatcher and Weiss we have reexamined the 
results of the study of digitalis emesis in man and we are now able to 
present evidence that digitalis causes vomiting in man by this same 
cardiac reflex mechanism. The clinical evidence shows : (1) that digitalis 
does not cause emesis in man by local irritant action in the digestive 
tract ; (2) that its emetic action in man results only after the absorption 
of a sufficient quantity of the drug; (3) that definite evidences of action 
of digitalis on the human heart are almost invariably to be found before 
the appearance of either nausea or emesis. Thus it was stated,’? “of 
106 courses of digitalis treatment in cardiac disease resulting in the 
appearance of nausea or vomiting, 100, or 94.3 per cent., showed indis- 
putable evidence [by action on the heart] of absorption of the drug 
prior to the onset of these symptoms. In fifty-five observations on cases 
with auricular fibrillation, nausea or vomiting was associated with 
[cardiac evidences of] the absorption of the drug in every instance.” 

Nausea or vomiting developed in twenty patients in the present 
series at some time during the administration of digitalis, and these 
have been brought together in Table 5. In this table are shown the 
cardiac phenomena induced by the digitalis before the appearance of 
either nausea or emesis, together with the doses causing the earliest 
demonstrable evidences of absorption, those causing nausea or emesis, 
and the times elapsing between the first dose and the development of 
earliest effects and of nausea or emesis. Reference to this table shows 
that in eighteen of the twenty patients nausea or emesis developed only 
after amounts of the drug had been given which were considerably 
greater than those required for the production of beginning action on 
the heart. In the entire series of patients the emetic dose ranged from 
one the same size as that producing the initial effects in the average 
case to a dose four and one third times as large as the average, in the 
case of the purified tinctures. The average emetic dose of the purified 
tinctures was 0.113 cat unit per pound, or almost twice that required 
to produce initial evidences of action on the heart. Similar relation- 
ships are found among the cases receiving the galenic tinctures. Nausea 
or emesis developed after the administration of a single dose of the 
purified tincture in two patients. One of these showed definite evidences 
of the development of the action of the drug on the heart three hours 
before the appearance of emesis. The other patient vomited after 
taking digitalis at a time before any electrocardiograms had been taken 
these records having been unduly delayed. In every case but this 
definite evidences of cardiac action preceded the appearance of the 
vomiting. 
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The evidence supplied by these cases shows that in every instance in 
which observations were made early enough digitalis induces emesis in 
man only after the development of a more or less pronounced action 
on the heart. This is in perfect agreement with the observations of 
Hatcher and Weiss, which show that the nausea and emesis produced 
by digitalis arise reflexly from the drug’s action on the heart. In view 
of these facts and the extremely close parallelism between all of the 
other actions of digitalis in the lower animals and in man the con- 
clusion is justified that in the human being also nausea and vomiting are 
produced by digitalis as the direct result of an intoxication of the heart 
sufficient to provoke the protective mechanism of reflex stimulation of 
the vomiting center, the stimulus arising within the heart. The develop- 
ment of nausea or vomiting in the course of the therapeutic administra- 
tion of digitalis must henceforth be regarded as among the surest and 
most valuable evidences of intoxication of the heart, and demands the 
immediate cessation of further administration, at least temporarily. 

Dosage of Purified Tincture —The figures presented in Table 3 
indicate that the average initial dose of the purified tincture required to 
produce the earliest demonstrable effects on the heart is 0.056 of a cat 
unit per pound of the patient’s body weight. While this figure represents 
approximately the average dose which will produce these effects with 
certainty, it is not the average minimum effective dose, since in many 
patients the initial dose given was materially larger than the smallest 
which produced similar effects in other patients. Thus definite cardiac 
actions followed doses smaller than the average in thirteen of the 
patients, the dose in four being 15 per cent. or more below the average. 
The average dose of the purified tincture used to produce initial effects 
is 30 per cent. larger than that established for commercial crystalline 
digitoxin, and two thirds that established for a variety of official 
tinctures. 

Full therapeutic effects followed an average total dose of the purified 
tinctures amounting to 0.082 of a cat unit per pound, or an amount 
44 per cent. greater than that used to produce the initial actions. In 
ten of the patients full therapeutic effects resulted from doses approxi- 
mately the same as the average employed for the induction of initial 
effects. Seven of these ten patients showed fibrillation of the auricles 
and when the pulse deficit had been removed and the ventricular rate 
had been slowed to about 70 beats per minute we deemed that full 
therapeutic digitalization had been accomplished and temporarily dis- 
continued the administration of the drug. The remaining three patients 
had sinus rhythm and two of them showed a change from an upright 
T wave to a diphasic one, with marked prolongation of the conduction 
time and pronounced slowing of the whole heart. Simultaneously there 
was marked improvement in the clinical signs of heart failure. The 
drug was pushed further in one of these (No. 5) with the development 
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of premature contractions. The tenth patient, the third of those with 
sinus rhythm, showed such marked clinical improvement that the drug 
was stopped. We will show subsequently, however, that much larger 
total doses than these, or than the average full therapeutic dose, can 
be taken by most patients without danger. 


TABLE 5.—Suowinc Carpiac Action or Dicitacis AppEARING Berore Emesis, 
Doses CAUSING First EFFECTS AN AND Doses Cavs SING _Emests 




















First Effects Reune or Buesie 
’ poCmnEte a, 
Dose in Timein Cardiac Phenomena Before “Dose in Time in 
Number Cat Units Hours Nausea or Vomiting Cat Units Hours 
Purified Tinctures 

1 0.066 1 Lowered T; increased P-R............... 0.150 a 

2 0.067 2 Lowered T; increased P-R; V. P. C.* 0.088 4.6 
5 0.059 1 Lowered T; increased P-R........ 0.113 2 
6 0.061 1 ee f Se 0.199 72 
ll 0.051 1 Inverted T; increased P- ie 0.0m 6 
12 0.040 2 Increased T; increased P-R Ke 0.073 5 
13 0.045 1 Lowered T; increased P-R 0.000 St 
16 0.0%) 1 CRESS ee ae 0.082 at 

28 0.058 2.75 Increased em oh ne 0.058 1.75§ 
32 0.062 1 Heart block; V. P. C 9.131 ow 
38 0.063 1 Heart-block............ 0.250 St 
44 0.051 1 is Gadsdnaesicith needs ine wenn 0.000 5¢ 

45 0.073 2 Heart-block; increased V. P. C. ......... 0.073 its 
46 0.048 1 Lowered T; heart-block; V. P.C........ 0.101 12 
Official Tinctures 

19 0.117 2.33 kn ee 0.173 18 
20 0.121 1 DD Micka hakineieh cadebeé yeeceteces 0.390 MM 
22 0.060 2 Lowered T; increased P-R............... ole 49 
23 0.0857 3 Lowered T; increased P-R............... 0.200 74 
24 0.078 3 Sg A SS rere 0.260 2 


45 seose ons Si hvkiedcsnsdetankicusrinnenen o.149 208 





* V. P. C. indicates ventricular premature contractions. 

+ T in Lead II inverted just before nausea developed. 

} Shortly after emesis records showed auricular fibrillation, runs of ventricular paroxysmal 
tachycardia, ete. Good recovery. 

§ First electrocardiogram taken 2.75 hours after dose. Single dose only in this patient. 

{ The heart block here is that commonly observed after digitalis in auricular fibrillation, 
all cases so marked were fibrillating. 

# Only a single dose given to this patient. 

The average therapeutic dose of the purified tinctures is only 20 per 
cent. greater than that of crystalline digitoxin and is but 55 per cent. 
of the corresponding dose of the average well absorbed tincture of 
digitalis. It is evident that this simple purification of digitalis yields 
a substance which approaches the very costly crystalline digitoxin in 
biologic activity. 

Two discrepancies between the averages given in the present report 
and those stated in previous papers demand explanation. The average 
full therapeutic dose of the purified tincture of digitalis was given as 
0.159 cat unit per pound of body weight in the preliminary paper on 
the subject, or almost twice that shown in the present series of cases. 
The discrepancy is due to two factors. 

1. The former dose is too large because we were then experimenting 
with a substance new to us and for the sake of caution administered it 
much more slowly and in much smaller individual doses, thus taking two 
or three times as long for complete digitalization as the average required 


in the series here discussed. 
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2. The present total dose is probably somewhat too low for a true 
average, because we used relatively very large initial doses in most 
patients, and because we often discontinued further administration when 
a moderate degree of clinical improvement had been induced, rather 
than continue to the point of producing evidences of minor intoxication. 
We believe that 0.1 cat unit per pound more nearly represents the 
average full therapeutic dose as the drug would be given in a large 
series of cases where many patients would not require very rapid 
digitalization, and for our continued use of the drug in a routine hos- 
pital service we are employing this figure with satisfactory results as 
a basis of our calculations. This would give a maximal initial dose of 
0.05 cat unit per pound, which, as Tables 1 and 2 show, did not in a 
single instance produce even minor intoxication. 

The second discrepancy is that between the average full therapeutic 
doses of the two galenic tinctures used in the present series of cases and 
that formerly established. The present dose of 0.213 cat unit is 1.44 
times as large as the average previously stated. This is due to the fact 
that the two tinctures used here were poorly absorbed, and it was 
anticipated in selecting them for use that considerably larger amounts 
would be required than in the case of the average well absorbed tincture 
of good activity. As it is the difference is less than we had expected 
to find. 

The Body Weight as a Basis for Calculation of Dose-—We have 
already referred to several papers in which the validity of the body 
weight method of estimating the dose of digitalis has been confirmed and 
established, but Wedd? says that no constant relation could be estab- 
lished between the body weight and the amount of digitalis which could 
be given in his cases. He does not give the details in his series of cases, 
so that it is not possible to subject his observations to a critical analysis. 
He states, however, that the average total dose required for the pro- 
duction of toxic symptoms was 52 c.c. in the case of his second tincture 
which had an activity of 85 milligrams per cat unit, the toxic dose 
having varied from 20 to 100 c.c. It is quite evident from his figures 
that this sample of digitalis, as well as his first one, was one in which 
the absorption was very irregular and usually very poor, since the 
average tincture of equal activity which is well absorbed will usually 
produce toxic symptoms after a total dose of about 25 c.c., and often 
after somewhat less. Further, Wedd gave daily doses which required 
from two to eight or more days for the development of full digitaliza- 
tion. With the larger total doses, therefore, the more or less variable 
factor of the elimination of the drug must have assumed an important 
role, especially since there is a considerable range in the rate of elimina- 
tion of digitalis in different patients. 
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It has never been contended that the average doses established on the 
basis of body weight were precise. In fact, in the original paper deal- 
ing with the subject it was specially emphasized that there was a con- 
siderable range of variation in individual cases from the average. The 
average dose was offered as a basis for the approximate estimation of 
the total amount of digitalis which would be required for the production 
of therapeutic digitalization. As such it has proved to be essentially 
correct in spite of the individual cases not infrequently encountered in 
which the actual amount required differs more or less widely from the 
average. The method has been used by one of us as a routine in esti- 
mating the dose for over five years, with satisfactory results in several 
lundred cases, the great majority of which have responded satisfactorily 
to a dose closely approximating the average. It is confidently believed, 
therefore, that Wedd’s failure to observe any constant relationship 
between the size of the dose and the body weight of his patients is due 
to the two factors mentioned. 

Variation in the Patient's Absorptive Capacity.—A second factor in 
the question of absorption which merits brief discussion, but which 
cannot yet be entered upon in detail for want of sufficient data, is the 
question of the variations in the capacity of different patients to absorb 
digitalis. It is well known that different normal animals of the same 
species vary considerably in their capacity to absorb a given drug from 
the digestive tract. It is certain that a similar variation in this capacity 
exists in normal man, and it is probable that in the presence of a dis- 
turbed circulation this variation is enhanced. Data obtained in the 
present series of cases confirm this contention. 

If we refer to Tables 1 and 2 and consider the full therapeutic 
doses taken by the thirteen patients who received purified tincture 
3-18-20 we see that the largest dose required to produce full therapeutic 
effects within twenty-four hours was two and one half times as great 
as the smailest which sufficed to produce analogous effects, and one and 
one half times the average dose required with this specimen. Administra- 
tion having been completed within twenty-four hours in all but three 
of these patients, and within forty-eight hours in the remainder, elimina- 
tion did not play an important part in determining the total amount 
required. Only two explanations remain to account for this variation 
in dose: Either variation in the susceptibility of the heart to the action 
of digitalis, or variation on the part of the patients in their capacity to 
absorb the drug. 

Our experience leads us to believe that both these factors are con- 
cerned to varying degrees. Thus in patients with heart failure due to 
auricular fibrillation and showing a high grade of pulse deficit we are 
convinced that complete recovery from the attack of failure not infre- 
quently follows the beginning restoration of the circulation by a° 
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relatively small dose of digitalis. The small amount of digitalis is just 
enough to slow the ventricular rate to a moderate degree and the ensuing 
improvement in the circulation breaks a vicious circle primarily through 
a progressive improvement in the nutrition of the heart initiated by 
greater diastolic rest and improved coronary circulation. In other cases 
of the same type this does not occur and it is necessary to push 
vigorously the administration of digitalis. Among this latter group 
cases are observed in which relatively very large doses are required and 
in such we believe the individual capacity for absorption may often be 
relatively poor. 

The best illustrations of probable defective capacity to absorb 
digitalis are seen, however, among patients with sinus rhythm. In these 
there is much less likelihood of the breaking of a vicious circle by a 
small dose, since the essential element in the causation of failure is not 
the same. Among these we find far fewer instances of full therapeutic 
response to a dose much below the average. The tendency to exceed 
the average markedly is also somewhat less frequent. We, therefore, 
believe that the wide variations in dose sometimes encountered with a 
given sample of digitalis are probably referable to variations in the 
capacity of the individual patient to absorb the drug although there is 
always the possible factor of a relative insusceptibility of the heart itself 
to the action of the drug. Furthermore, it has been our general 
experience that when a patient is found to absorb one specimen of 
digitalis promptly, he almost invariably absorbs other good specimens 
equally well, though not necessarily to precisely the same extent, or with 
quite the same promptness. Finally, we continued the administration 
of each of the samples of both purified and galenic tinctures beyond the 
development of full therapeutic effects in one or more patients for the 
purpose of testing the matter of insusceptibility of the heart. From the 
twenty-three instances in which this was done we select a few for 
illustration. 

Patient 38 showed a marked degree of ventricular slowing only 
after 0.131 cat unit per pound of body weight, with removal of his 
pulse deficit and a satisfactory therapeutic response, but it was neces- 
sary to increase the total dose taken to 0.250 cat unit, or nearly double, 
before the only toxic symptom—nausea—developed. In patient 34 a 
single dose of 0.065 cat unit per pound produced ventricular slowing 
and reduced the pulse deficit in one hour. After an interval of 56 hours 
the same preparation was continued at the rate of 0.069 cat unit per 
pound daily until a total of 0.237 cat unit per pound had been taken 
without the development of any toxic symptoms. Analogous variations 
were seen in several other cases. We are convinced that the probable 
explanation for the poor absorption in these cases, especially in those 

“receiving the purified tinctures, is referable to the patient's individual 
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deficiency in the capacity to absorb digitalis. We also believe that the 
differences in the capacity to absorb digitalis, and not cardiac insuscepti- 
bility, largely account for the variations in dosage observed in a series 
of patients receiving a single sample of the drug. 


SUMMARY 

1. The absorption of high grade specimens of tincture of digitalis 
from the digestive tract of man is almost invariably sufficiently uniform 
to permit the establishment of a satisfactory working average total dose 
in terms of ‘the cat unit of activity per pound of the patient’s body 
weight. 

2. Specimens of tincture of average biologic activity are occasionally 
encountered which are therapeutically unsatisfactory on account of poor 
absorption from the alimentary canal. 

3. Tincture of digitalis shows definite evidences of action on the 
heart in from two to four hours after oral administration to man. 

4. Poorly absorbed tinctures may require more than five hours for 
the development of demonstrable cardiac action. 

5. A method of preparing and standardizing a purified tincture of 
digitalis is described.. 

6. The purified tincture is shown to be absorbed from the human 
digestive tract more rapidly and more nearly uniformly than are 
different specimens of official tincture of average biologic activity. 

7. Considerable variation in the capacity of different individuals to 
absorb digitalis is shown to exist. 

8. Evidence is offered to show that digitalis causes nausea or vomit- 
ing in man by reflexes arising in the heart as a result of its intoxication. 

9. An average total dose of the purified tincture for oral administra- 
tion to man is established on the basis of its cat unit of activity and the 
patient’s body weight. 

CONCLUSION 

While the purified tincture of digitalis is more nearly uniformly 
absorbed by man than are official tinctures obtained from different 
sources, it is, perhaps, not more uniformly absorbed than is any single 
tincture of good quality. It is probable that crystalline digitoxin is 
slightly more uniformly absorbed than the purified tincture, but the 
former does not seem to be of uniform activity. Each specimen of 
crystalline digitoxin, therefore, would appear to require biologic assay 
before it could be used safely in effective doses, unless one wishes to 
proceed very cautiously with its administration, in which case there 
would be delay in obtaining its full therapeutic effect. 
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DELAYED CONDUCTION THROUGH THE RIGHT AND 
LEFT BRANCHES OF THE ATRIOVEN- 
TRICULAR BUNDLE * 


HORACE MARSHALL KORNS, M.D. 
CLEVELAND 


INTRODUCTION 

The question of the diagnosis of branch lesions in clinical electro- 
cardiography is still largely unanswered. There are at least two 
important reasons for this. In the first place, although an abundance 
of experimental data pertaining to complete bundle branch block in 
animals has been accumulated, the extent to which the results can be 
applied to man is very uncertain. A further difficulty is discovered 
in the recent papers of Fahr,’ who would completely reverse the 
previous conceptions of branch lesions and preponderating ventricular 
hypertrophy. 

In the second place, our knowledge of the anatomy of the atrio- 
ventricular bundle and the Purkinje system is far from complete. We 
have not been sufficiently critical of researches on their normal struc- 
ture, more especially in relation to the methods adopted. We have 
fallen into the habit of easily visualizing the nodes and tracts of the 
atrioventricular conduction system in the human heart, overlooking the 
fact that the technic which has generally been employed in examining 
these structures has failed entirely to bring to light the finer details 
of the Purkinje system. Is it not significant of the inadequacy of the 
ordinary technic that it has never until recently ? succeeded in demon- 
strating Purkinje fibers in the wall of the auricle? The pathologist’s 
failure to find in the conduction system the organic lesion so confidently 
predicted from the electrocardiogram is a matter of frequent record. 
That many of these conductional defects are functional and transient, 
we know, but on the other hand, more such defects than we suspect 
are due to actual lesion. Instead of revising our interpretation of 
tracings, let us inquire into our pathologic methods, and see what 
need of revision may be there. I think we shall find that the method 
of clinical electrocardiography is so much more sensitive and exact 
than our present pathologic methods that we need not cast aside all 


*From the Medical Clinic of Lakeside Hospital and Western Reserve 
University. 

* Read before the Experimental Medicine Section of the Cleveland Academy 
of Medicine, November, 1921. 

1. Fahr: Arch. Int. Med. 25:146 (Jan.) 1920; ibid., 27:126 (Jan.) 1921. 

2. Holmes: J. Anat. 55:269, 1921. Holmes found Purkinje fibers in the 
auricle in two animals. He believes (erroneously) that he was the first to make 
this discovery. 
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our clinical conceptions from want of postmortem confirmation. In 
the light of these considerations, it is probable that past attempts to 
correlate clinical with pathologic findings have served more to obscure 
than to elucidate the problem. The truth of this observation is very 
clear to anyone who has encountered in his own experience, and in 
the literature, its many examples. Contradiction and confusion are 
everywhere apparent. 

It is my belief that we shall be forced to discard many of the 
conclusions based on earlier methods of anatomic study, and take a 
fresh start. I wish to draw the attention of all students of this 
problem to the monograph of Van der Stricht and Todd * as offering 
an adequate basis on which more exact observations may be made in 
the future. These investigators have contributed much to our knowl- 
edge of the anatomy, normal and abnormal, of the Purkinje system. 
They were the first to succeed in demonstrating fibers of Purkinje in 
the auricular walls. The importance of the endeavor to correlate 
clinical electrocardiograms with pathologic findings such as these, as 
Carter * has done, cannot be overemphasized, but it is much too early 
for sweeping generalizations. It is of interest here to mention the 
researches of Oppenheimer and Rothschild * in “arborization block.” 
Their results have been vigorously attacked from various standpoints, 
notably by Wilson and Herrmann,® Smith? and Drury.’ This criticism 
loses some of its force in the presence of better understanding of the 
anatomy and pathology of the conduction system. 


INCOMPLETE BUNDLE BRANCH BLOCK 


The effect on the electrocardiogram of delay in conduction through 
the right and left branches of the atrioventricular bundle was first 
suggested by Lewis’ in 1912. He observed the phenomenon in the 
course of an experiment, and strongly suspects that it occurs in 
certain patients. Wilson and Herrmann’? elaborated this idea in the 
endeavor to explain certain aberrant electrocardiograms which are not 
at all characteristic of complete branch lesions as at present understood, 
yet display conspicuous increase in the QRS interval. They pro- 
posed to show that the principal effect of a lesion which delays, but does 
not completely interrupt, the passage of the impulse through one of 
the main branches of the atrioventricular bund! will be a change in 


3. Van der Stricht and Todd: Johns Hopkins Hosp. Rep. 19: Fasc. 1, 1919. 
4. Carter: Arch. Int. Med. 22:331 (March) 1918. 
5. Oppenheimer and Rothschild: J. A. M. A. 69:429 (Aug. 11) 1917. 
6. Wilson and Herrmann: Arch. Int. Med. 26:153 (Aug.) 1920. 
7. Smith: Arch. Int. Med. 26:205 (Aug.) 1920. 

8. Drury: Heart 8:23, 1921. 

9. Lewis: Heart 3:279, 1912. 

10. Wilson and Herrmann: Heart 8:229, 1921. 
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the time relation of the right and left ventricular effects, and, therefore, 
an abnormal combination of the dextrocardiogram and levocardiogram. 
They endeavored to demonstrate this both graphically and experi- 
mentally. Using Lewis’ measurements and his method of algebraic 
addition of the dextrocardiogram and levocardiogram, they determined 
the effect on the resultant curve of adding the dextrocardiogram and 
levocardiogram in varying time relations. They found that this 
procedure produces curves which are transitional in form and QRS 
interval between the normal complex and the complex of branch lesions. 
The calculated bicardiogram gradually takes on the form of the levo- 
cardiogram or dextrocardiogram, depending on which is made to 
precede the other. A time difference of 0.005 second produces a very 
conspicuous change, and a discrepancy of 0.015 second completely alters 
the character of the bicardiogram. 

The experimental procedures employed in the hope of producing 
transitional complexes were: (1) Vagus stimulation in the presence 
of right bundle branch block. (2) Bilateral bundle branch block. (3) 
Stimulation of the right ventricle in right bundle branch block. All 
succeeded to a certain extent in producing transitional complexes, espe- 
cially the last. A typical curve shows at one end a fully developed 
dextrocardiogram, at the other a fully developed levocardiogram, and 
many interposed combination complexes whose contour and QRS 
interval depend, respectively, on which of the two components precedes, 
and by how great a period of time. If the right and left ventricular 
effects occur in normal time relation, the result is a complex which 
very closely approximates the physiologic curve as shown in the 
control. If one of the components is of greater amplitude than the 
other, this will affect the amplitude of the combination complexes 
proportionately. Furthermore, in the experiments in which the extra- 
systolic dextrocardiogram was combined with the supraventricular levo- 
cardiogram it could be determined exactly by how great an interval the 
one preceded the other, inasmuch as each followed a recorded event 
by a definite interval. 

The conclusions reached by Wilson and Herrmann from their 
experiments are: 

1. Combination complexes in which the dextrocardiogram precedes the 
levocardiogram by a considerable interval are transitional in outline between 


the normal complex and the complex of left bundle ‘iranch block. 

2. Combination complexes in which the levocardicgram precedes the dextro- 
cardiogram by a considerable interval are transitional in outline between the 
normal complex and the complex of right bundle branch block. 

3. Combination complexes in which the levocardiogram and dextrocardio- 
gram begin at almost the same instant resemble the normal type of complex 
closely. 

4. All combination complexes except those of the third class are diphasic 
and have a Q R S interval intermediate between the natural Q R S interval and 
the Q R S interval of bundle branch block. 




















5. The T wave of complexes formed by asynchronous combination of dext: 


} 


cardiogram and levocardiogram is transitional in out etween the normal 


| 
LIne 
lr wave and that of the fully developed bundle branch | 


block complex 


The experiments of Wilson and Herrmann are noteworthy because 
they throw light on a little understood aspect of the problem of deficient 
branch conduction. Our case is considered worthy of report because 
the electrocardiograms reproduced nearly all of the phenomena obtained 
by Wilson and Herrmann from their experimental animals. 


REPORT OF CASI 

The patient, a man, aged 60, was admitted to the hospital for the first 
time Oct. 14. 1920. 

Present Illness Patient has been incapacitated for three years on account 
of shortness of breath and weakness. He has apparently been in a state of 
relative cardiac decompensation throughout this entire time. He has suffered 
frequently from palpitation, and has had dependent edema except when at rest 
in bed. In recent years it has been necessary for him to get up frequently at 
night to pass his urine, sometimes as often as every five minutes. 

Past History—The only point of importance is the definite history of 
repeated attacks of articular rheumatism. These attacks have no doubt 
sustained a definite relation to part, at least, of the patient’s present cardiac 
disability. 


-*hysical Examination.—Patient is sitting up in bed, very uncomfortable on 


account of shortness of breath. He complains of no pain. There is slight 
edema of the ankles 

Lungs: The physical signs of the lungs are those of increase in volume 
and diminution in extensibility, together with increase in density at the right 
base from accumulation of fluid in the pleural cavity 

Heart: The median portions of both costal margins move toward the 
median line during inspiration, and the lower end of the sternum moves in a 
vertebrad direction—evidence of enlargement of both right and left ventricles, 
and right auricle. A choc en dome is perceptible in the sixth intercostal space 
at the left anterior axillary line. A systolic impulse and disastolic impact are 
palpable over the conus arteriosus of the right ventricle. BORDERS OF DULNESS 
Upper: At the third intercostal space in the left midclavicular line Right 
Extends two-thirds of the way to the right midclavicular line in the fourth 
intercostal space. Left: Reaches the anterior axillary line in the sixth inter 
costal space. Auscultation: At the apex, the systolic sound is accompanied by 
a loud, low pitched murmur; the diastolic sound is faint, with no adventitious 
sounds in diastole. At the aortic area, the systolic sound is accompanied by a 
murmur of less intensity than at the apex; the diastolic sound is accentuated 
and has a tympanitic quality, and is accompanied by a long murmur in diastole 

Arteries: General sclerosis. The peripheral pulse is celer in_ type 
monocrotic; it is grossly irregular and arrhythmic—the pu : l 
fibrillation. Blood pressure: 210/95 


Veins: Tremendous engorgement in neck and arms 


Abdomen: Large from obesity. No edema of wall; no free peritoneal fluid 
The liver is enlarged and rotated, extending three fingers’ breadths below the 
right costal margin in the midclavicular line; it is tender, not increased in 


consistency. The spleen is enlarged to percussion, but is not palpable. 


Laboratory Findings—Spinal fluid perfectly normal. Fluid from pleural 
cavity was a transudate. Urine showed albumin in varying amounts. Phenol 
sulphonephthalein excretion, 50 per cent. in two hours 
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Diagnosis —Primary sclerosis of the root of the aorta. Insufficiency of the 
aortic valve, a result of rheumatic endocarditis. Chronic myocardial disease, 
with very considerable enlargement of both ventricles, predominantly the left. 
General arteriosclerosis. 


Treatment.—Tincture of digitalis was given as follows: 


Date Amount 
October 15 15 c.c. 
October 16 10 c.c. 
November 6 15 C.c, 
November 7 10 c.c. 
November 19 15 c.c. 
November 20 10 c.c. 
November 28 8 c.c 
November 29 8 c.c. 
December 2 5 cc 
December 3 10 c.c. 
December 4 8 c.c 


Total 114 c.c. 


Course.—Patient showed no great improvement at any time during his stay 
in the hospital. He was discharged Dec. 21, 1920, in practically the same con- 
dition as when he entered. No electrocardiograms were made. 

Second Admission—Patient was readmitted to the hospital Jan. 14, 1921. 
Since his discharge he had been constantly confined to bed. His air hunger 
had not been so intense, but the abdomen had begun to swell conspicuously, 
and his output of urine had been very low. The physical findings were much 
as before, except that there was more edema involving the lower extremities, 
the abdominal wall and the tissues over the sacrum, and there was evidence of 
greater stasis. Patient’s condition continued practically unchanged until 
Feb. 17, 1921, when he suffered an acute dilatation of the heart. The right 
auricle extended a finger’s breadth to the right of the right midclavicular line 
and the patient was in extremis. Strophanthin, 0.65 mg., was administered 
intravenously without effect. Removal of 600 c.c. of blood by venesection, and 
administration of an additional 0.15 mg. of strophanthin, intramuscularly, was 
followed by immediate improvement in the patient’s condition. The right 





auricle receded to its original position, two-thirds of the way to the right mid 
clavicular line. The next day the patient was in better condition than he had 
been for weeks. The remainder of his course was uneventful, and he was 
discharged April 21, 1921, in a somewhat improved condition. 

Electrocardiographic Record.—Electrocardiograms were made at the time of 
the second admission, Jan. 15, 1921. They showed simply auricular fibrillation 
with rather rapid ventricular rate, and preponderance of the levocardiogram. 
Records made January 19, after the administration of 18.5 c.c. tincture of 
digitalis, again showed auricular fibrillation, but with a much slower ventricular 
rate. No further records were made until April 14, 1921. In the meantime, the 
patient had had an acute dilatation of the heart, from which he made a good 
recovery, and had been thoroughly digitalized. 

Tincture digitalis was given as follows: 


Date Amount 
7 March 19 
March 20 
March 26 

March 27 to April 6, inclusive 

April 8 to April 11, inclusive 
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Total 59 c.c. 
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It was noticed April 11 that the pulse rate had become exceedingly slow, 
and from auscultation one could detect coupling of beats, presumably a normal! 
cycle with a premature contraction. It was when these phenomena were present 
that the last electrocardiograms were secured 


THE ELECTROCARDIOGRAMS 


The records (Figs. 1 to 6) show auricular fibrillation with a high 
degree of atrioventricular heart block. The block is probably not com- 
plete, however, for the interventricular intervals are not quite equal. 
The ventricle is still responding to supraventricular impulses. That the 
heart is strongly under the influence of digitalis is apparent from the 
coupling of a supraventricular cycle with a premature contraction of 
ventricular origin. The point to which I wish to draw particular atten 
tion is the changing character of the complexes which are responses to 
supraventricular impulses. The (QRS and T deflections differ in a 
striking manner from cycle to cycle. The difference is manifest in con- 
tour, in direction of the deflection, in duration of the Q R S interval, and 
in amplitude. Control curves are necessarily wanting, but it is certain 
that none of the complexes represents fully developed bundle branch 
block, and it is probable that none can be considered as a perfectly nor- 
mal complex. Gradual and sudden transitions from levocardiogram to 
dextrocardiogram are seen; some complexes are polyphasic, others 
diphasic. It is my belief that these phenomena are due to unequally 
widened refractory periods of the right and left branches of the atrio- 
ventricular bundle. The supraventricular impulse is not transmitted 
through the two branches at the same rate at all times. If a stimulus 
enters at a time when the left branch is less refractory than the right 
the levocardiogram shapes the early portion of the complex, and the 
prolongation of the QRS interval and extent to which the curve 
becomes diphasic are proportional to the degree of difference in refrac- 
tory periods. At one instant the levocardiogram precedes, at the next, 
the dextrocardiogram precedes ; again, they occur in normal time rela 
tion, and the result is a complex which closely approximates the normal 

The striking similarity between these curves and those published 
by Wilson and Herrmann’ is at once apparent. There are some 
differences, however. By cornparison with other records made on this 
patient it is clear that the following complexes approximate the normal : 
For Lead I, Figure 1, strip I-1, cycle number 3; for Lead II, Figure 2, 
strip II-3, cycle number 3; for Lead III, Figure 3, strip III-3, cycle 
number 5. These complexes are marked with arrows in the figures. 
It will be seen that the fifth cycle in Figure 2, strip II-1 (marked with 
cross), is interposed between two complexes in one of which the 
levocardiogram predominates ; in the other, the dextrocardiogram. The 
interposed complex, although intermediate in contour, has a QRS 
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interval of only 0.055 second,*' which is much shorter than 0.072 
second, the approximate normal for this lead. A similar complex of 
even shorter QR § interval, 0.048 second, appears in Figure 2, strip 
[1-4. In a heart in which conduction is known to be impaired, it is 
difficult to conceive of spread of the impulse to both ventricles in less 
than the normal time, and for this reason these two complexes defy 
analysis. 
REVIEW OF THE LITERATURE 

In my search of the literature I have been able to discover only 
eight cases which may properly be classified as examples of delayed 
conduction through both branches of the atrioventricular bundle. In 





Fig. 1—Lead I. In this, and in all succeeding figures, one division of 
abscissae equals 0.04 second, of ordinates, 10° volt; each strip is a direct con- 
tinuation of its predecessor, within each lead; duration of Q R S intervals is 
marked in seconds. For full description see text. 


1911, and again in 1913, Cohn * described a case of complete atrio 
ventricular heart block in a patient 70 years of age who was suffering 
from severe heart failure. In addition to the A-V block, the ventricular 
complexes show a great range of variation from dextrocardiogram to 
levocardiogram. No normal complexes or fully developed bundle branch 
block complexes are shown. Cohn suggests that the varying complexes 


11. These measurements were made with a magnification of one hundred 
diameters, secured by lantern projection of the negatives upon coordinate paper 
ruled in millimeters. They are accurate within a few thousands of a second. 

12. Cohn: Proc. Soc. Exper. Biol. & M. 9:24, 1911; Heart 5:5, 1913. 
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are caused by functional depression of the bundle branches, possibly 
from digitalis, but he does not fully explain the transitional complexes. 
Mathewson,?* in 1913, described a case which showed both levocardio- 
gram and dextrocardiogram, but no transitional complexes. In the 
same year, Oppenheimer and Williams ** placed on record an example 
of delayed conduction through both bundle branches showing many 
transitional complexes. Their patient also had complete A-\V_ heart 
block. Necropsy revealed no pathologic changes in any part of the 





2.—Lead II. 


Fig. 


conduction system. In 1915, Christian *® reported three cases, two of 
which were associated with an A-\V heart block, one with auricular 
fibrillation. Necropsy in one case revealed no organic lesion of any part 
of the conduction system. Wilson and Robinson,’® in 1918, observed 


13. Mathewson: Heart 4:385, 1913. 

14. Oppenheimer and Williams: Proc. Soc. Exper. Biol. & M. 10:86, 1913. 
15. Christian: Arch. Int. Med. 16:341 (Sept.) 1915. 

16. Wilson and Robinson: Arch. Int. Med. 21:165 (Feb.) 1918. 
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delay in branch conduction, in a patient with complete A-V heart block, 
after a large dose of digitalis (Case 2, Fig. 6, of their paper). In 
1921, a case was reported from the clinic of White and Burwell ** 
which probably represents a much less degree of delayed branch con- 
duction. 

Examples of delayed conduction through one branch only have 
been described by Wilson,'* Robinson,'* Mathewson,'’* Frederica and 
Moller,” and Wilson and Herrmann.°® 








Fig. 3.—Lead III. 


CAUSE OF DELAYED BRANCH CONDITION 
Exclusive of organic lesions, delayed conduction through the right 
and left branches of the atrioventricular bundle is clearly the result of 
disturbed relation between the rate at which impulses are discharged 
and the refractory periods of the A-V node and that of the individual 
branches, in which widening of the refractory periods of the branches 
plays the major part. It is obvious that delay in branch conduction of 


transmitted impulses cannot occur if the length of the refractory period 


7. White and Burwell: Med. Clinics, N. America 4:1839, 1921. 

. Wilson: Arch. Int. Med. 16:108 (July) 1915. 

. Robinson: Arch. Int. Med. 18:830 (Dec.) 1916; ibid. 24:422 (Sept.) 1919. 

. Frederica and Moller: Cited by Lewis, Mechanism and Graphic Regis- 
tration of the Heart Beat, Shaw & Sons, 1920. 
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of the A-\V node exceeds that of the branches, regardless of the 
auricular rate. If the refractory period of either branch exceeds that 
of the A-V node, however, delay in conduction through that branch 
must necessarily follow unless the auricular rate, in turn, is slow enough 
to permit full recovery of the branch after each beat. Deficient branch 


conduction is therefore due to widening of the refractory period of the 
branch in excess of that of the A-\V node, coupled with a sufficiently 
high auricular rate. If delayed branch conduction occurs in conjunction 
with complete A-V heart block, it is due to the fact that the rate of 
discharge of impulses from the ventricular pacemaker is too high to 
allow full recovery of the branch after each beat. It is probable that 
the branch may be partially refractory, as well as absolutely refractory, 
and the degree of delay in branch conduction may depend upon how 
much of the required refractory interval has elapsed at the time the 


Fig. 6—Lead III 


new stimulus enters the branch. If the refractory periods of both 
branches are equal in length, and exceed that of the A-V node, the 
amount of delay will be uniform; but if the refractory intervals of the 
branches are of unequal length, the relative degree of delay in the two 
branches will vary constantly from cycle to cycle. 

In clinical experience delayed branch conduction occurs either (1) 
spontaneously, or (2) as a result of digitalis intoxication. In the 
former instance it is no doubt due primarily to considerable impair- 
ment of the blood supply to the individual branches. The most 
brilliant examples of spontaneous occurrence are seen in the cases 
reported by Robinson.'"* One of his patients with auricular fibrillation 
and a rapid ventricular rate showed unmistakable evidence of delayed 
conduction through the right branch. After the refractory period of 
the A-V node had been lengthened by digitalis to a point where it 
equalled or exceeded the abnormally long refractory period of the right 


branch, the complexes became approximately normal. A few days 
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may occasionally be produced by digitalis. Clinical 
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evidence of delayed branch conduction again appeared, but 
those complexes preceded by a short diastole. It is possible also that 


that of the A.V node cannot be increased sufficiently by digitalis 
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such cases by improving its blood supply. A review of other 


to 


it 


under its influence. No mention of digitalis is made by Mathewson 
Oppenheimer and Williams.'* In the first three cases reported by 


later, when the ventricular rate had increased fifteen beats per minute, 


\ iw 


digitalis may directly shorten the refractory period of the branch in 


Cases 


shows that the refractory period of the branch may be so long that 


com 


pensate for it. Consequently, the rate at which transmitted impulses are 
received continues to be out of proportion to the lengthened refractory 
interval of the branch, and delay in conduction therefore persists until 


the refractory period is directly shortened, possibly by improvement in 


When delayed branch conduction is not spontaneously present it 
jus 


tines 


us in advancing the suggestion that in certain cases where digitalis has 


been pushed strongly its action is exerted directly upon the individual 


their 


refractory periods are prolonged to a degree in excess of the prolonga 
tion simultaneously produced at the A-V node, thereby delaying con 
duction through the branches. The condition,is then identical in every 
way with that which occurs spontaneously. The electrocardiograms 
are such as have been described in my case report; they are in no way 


different from those occurring in deficient branch conduction which is 


Cohn 7” is to be credited with this suggestion originally, although he 
did not develop it completely. He ascribed the phenomena in his case to 


digitalis, although there was no other evidence that the patient had been 


or 


Christian,’® and in the case reported by Wilson and Robinson,'® how- 
ever, the relation is remarkably clear. In Christian’s cases the varying 
ventricular complexes made their first appearance under digitalis, dis 
appeared after discontinuance of the drug, and were again made to 
appear under digitalis. The varying complexes were always associated 
with a greater or less degree of atrioventricular heart block, and it is 
significant that they were last to appear under heavy doses of the 


\s in my case, the 


heart in Christian’s Case 1 was known to be strongly under the effect 
of digitalis, for in both cases the characteristic slow bigeminus appears. 
The second case described by Wilson and Robinson had complete 
atrioventricular heart block, but it was only after a massive dose (12 


c.c.) of tincture digitalis that his electrocardiograms displayed unmis- 
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My patient was receiving the drug almost continuously from 
March 19 to April 11, at the end of which time a total of 59 c.c. had 
been taken. April 14 the records showing delayed branch conduction 
were secured. Unfortunately, it was impossible to secure further 
records after the effect of the drug had disappeared, for the patient 
suddenly left the hospital, and died June 6. The evidence in this case 
that delayed branch conduction was due to digitalis is, therefore, not 
so conclusive as it is in the cases of Christian and Wilson and Robinson, 
but it is nevertheless strongly suggestive. 

The views here expressed concerning the nature of delayed branch 
conduction are closely in harmony either directly or by analogy with 
the recent work of Lewis and his associates,” in which the earlier 
researches of Cushny ** have been largely confirmed and considerably 
amplified particularly with regard to the role played by high auricular 
rates in affecting degree of block at the A-V node. 


SUMMARY 
1. It is suggested that the older routine methods which have been 
depended on to show the normal and abnormal anatomy of the Purkinje 
system be subjected to rigid criticism. Recent work has made it clear 
that these methods have been inadequate. 
2. Recent experimental work on the subject of delayed branch con- 
duction is reviewed. A case is reported in which electrocardiograms 


parallel in a striking fashion those seen in experiments. Attention is 
directed to eight similar cases in the literature. 


3. If the refractory period of the right or left branch of the atrio- 
ventricular bundle is longer than the refractory period of the A-V node, 
conduction through that branch is delayed provided the rate of impulse 
discharge from the ventricular pacemaker be sufficiently high. Digitalis 
may directly lengthen the refractory periods of the individual branches 
to a degree sufficient to produce delay in branch conduction. 


21. Lewis, Drury, and Iliescu: Heart 9:21, 1921. 
22. Cushny: J. Pharmacol. & Exper. Therap. 11: 103, 1918. 





STUDIES ON THE PHYSIOLOGY OF THE LIVER 
III. THE EFFECT OF ADMINISTRATION OF GLUCOSE IN THI 


CONDITION FOLLOWING TOTAL EXTIRPATION OF THE LIVER * 


FRANK C. MANN, M.D., ann THOMAS BYRD MAGATH, M.D 


‘ROCHESTER, MINN. 


In previous studies on the physiology of the liver,’ a method of 
total extirpation of that organ and the effect of the removal on the 
sugar in the blood were recorded. Since, following removal of the liver 
the decrease in the blood sugar coincided so exactly with the develop- 
ment of the characteristic symptoms associated with the moribund 
condition, it was deemed highly possible that a causal relationship 
existed between the two. An investigation was made, therefore, of 
the effect of the administration of glucose on animals in which the 
liver had been removed. 

In order to obtain the normal blood sugar value, a specimen of 
blood was taken from the jugular vein of a dog in which the first two 
stages of the operation had been completed. The liver was then 
removed conmpletely in the manner previously described, and close 
observations made. In many of the experiments the dog was allowed 
to develop the characteristic symptoms, and glucose was injected intra- 
venously. In other experiments the glucose was administered either 
by os, by rectum, by jejunostomy, by continuous intravenous injection, 
or intraperitoneally immediately after hepatectomy; the general con 
dition of the animal and its blood sugar were noted carefully. 

The Effect of the Intravenous Injection of Glucose—The effect of 
intravenous injection of glucose on an animal dying from the removal 
of the liver is one of the most remarkable physiologic phenomena 
we have ever observed. The animal, comatose and perfectly flaccid, 
apparently unable to contract any muscle, except the diaphragm, 1s 
restored immediately to a seemingly normal condition by the injection 
of from 0.25 to 0.5 gm. glucose for each kilogram of body weight. 
We have seen such animals stand thirty seconds after the injection 


of glucose, walk, respond to call, wag their tails, drink water, and so 
forth, in less than one minute from the time they had been perfect] 
flaccid. If the animal is allowed to develop the convulsions, which 
are quickly followed by death when untreated, the results are even 


*From the Division of Experimental Surgery and Pathology, The May 
Foundation, and the Section on Clinical Laboratories, Mayo Clinic. 

1, Mann, F. C.: Studies on the Physiology of the Liver. I. Technic and 
General Effects of Removal, Am. J. M. Sc. 161:37 (Jan.) 1921. Mann, F. C., and 
Magath, T. B.: The Effect of Total Removal of the Liver, Tr. Sect. Path. & 
Physiol., A. M. A., 1921, p. 29. 
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more striking. The convulsions stop immediately, consciousness returns, 
and in a minute or two the animal walks around normally. Restoration 
to normal is usually possible by the injection of glucose at any stage 
of the moribund condition until the heart has actually stopped. We 
have restored an animal after the cessation of respiration by maintain- 
ing artificial respiration until the glucose could be injected. 
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Fig. 1—O: Time of removal of liver. D: Time of death. The first curve 
represents the average length of life in the average untreated hepatectomized 
animal. The curve was constructed and the averages obtained from six animals 
dying from results of uncomplicated hepatectomy. The second curve rep- 
resents the length of life following removal of the livers of various animals 
after the administration of glucose. Note the great increase in length of life 
due to the glucose administered. 


Immediately after the injection of glucose, the blood sugar reaches 
a very high level; at first it decreases quickly, then falls more slowly. 
As the level again becomes low, the typical symptoms reappear. The 
time this occurs after injection depends on many factors. Some of 
these are: the amount of glucose injected, whether the animal is active 
or quiet, and whether or not it is kept warm. Restoration of the 
animal from the comatose condition can be repeated many times by the 
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Fig. 2—O: Point of removal of liver. S and D respectively: Development 
of symptoms and death. The first curve represents the blood sugar after the 
administration of glucose by rectum for many hours. Absorption was not sufh- 
cient to maintain correct blood sugar level and glucose also was given intrave- 
nously for the last eight hours of the experiment. The second curve represents the 
blood sugar after the administration of glucose through a jejunostomy, and the 
blood sugar level was maintained. The third curve represents the blood sugar 
level during the administration of glucose orally and the blood sugar level was 
maintained throughout the experiment. The fourth curve represents the blood 
sugar without the administration of glucose until the animal had developed the 
first symptoms when it was given intravenously. The fifth curve illustrates the 
average course of blood sugar following removal of the liver. Note the increase 
in the length of life when the blood sugar level was maintained at normal or 
above normal. 
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injection of glucose. In each instance, its clinical condition exactly 
coincides with the blood sugar level. Finally, however, usually after 
many restorations, it may be noted that the same amount of glucose 
does not maintain the animal in a normal condition for so long a time 
and the characteristic symptoms develop at a higher blood sugar level. 

The Character of the Symptoms that Develop with a High Blood 
Sugar Level After the Administration of Glucose.—At this stage of 
the experiment another condition develops and other symptoms appear. 
These differ with different animals. In some experiments the animal 
suddenly becomes comatose and remains so for a variable period, 
usually not more than an hour, and dies suddenly and quietly. In 
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Fig. 3.—The first curve shows the average change in blood sugar following 
removal of the liver. The second curve shows the gradual decrease in blood 
sugar of a dog kept very quiet after operation and artificial heat applied. 
O: Liver removed. S:: Animal moribund; 0.125 gm. glucose for each kilogram 
of body weight was injected. This barely increased the blood sugar but 
restored the animal so that it could walk. This is the minimal amount of 
glucose which will produce a reaction when the animal is moribund. 


other experiments the symptoms are similar to those following excessive 
feeding of meat to animals with Eck fistulas. The animal is at first 
quite restless, ataxia then appears, and sight and hearing are lost. 
Coma develops and death is sudden and quiet. Anuria usually accom- 
panies this second moribund condition; the blood sugar level may be 
high and the injection of glucose is without beneficial effect. 

The clinical appearance of the condition associated with low blood 
sugar and that with high blood sugar, is quite different. There is no 
difficulty in noting when the second condition is developing, but the 
rate at which it develops cannot be anticipated as it can in the first 
condition which is associated with a decrease in blood sugar. The 
cause of the second condition has not been determined, but it seems 
to be dependent on some change in metabolism other than carbohydrate. 
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The Effect of Administration of Glucose by Continuous /ntra- 
venous Injection, Through the Alimentary Tract and Intraperitoneally. 
—In some experiments, before the blood sugar had decreased to a 
low level and before symptoms occurred, glucose was injected slowly 
and at a fairly uniform rate with a continuous injection machine. In 
this manner the blood sugar level was kept normal or slightly above 
normal. The first group of symptoms never developed in these animals, 
but after from eighteen to twenty-four hours, the second group devel- 
oped and the animals died. 

In one series of experiments, an attempt was made to maintaia the 
normal blood sugar level by the injection of glucose into the rectum. 




































































Fig. 4—O: Liver removed. Blood sugar which was rather low before 
operation decreased immediately and three hours after it was only 0.04. S,: The 
animal was moribund; it was restored to normal by the injection of 0.25 gm. 
glucose for each kilogram of body weight. S:: After one hour when it was 
necessary to repeat the injection. S:;: Injection again repeated. S,: At the 
end of the next hour symptoms developed and 0.25 gm. maltose for each kilo- 
gram of body weight was injected. The maltose restored the animal in exactly 
the same manner as the glucose, except that the period of recovery was slower. 
Note the uniform rise in biood sugar following glucose injection, and that 
0.25 gm. for each. kilogram of body weight appeared to last one hour. 


In this we were only partially successful, because in many instances 
a considerable amount of injected fluid was rejected. However, the 
blood sugar level remained higher and the first group of symptoms 
appeared later than in animals not given glucose. In some cases enough 
glucose was absorbed so that the first group of symptoms did not 
develop but the animals died in from eighteen to twenty-four hours 
following the development of the second group of symptoms. 

In some experiments the glucose was given by mouth, a few cubic 
centimeters of a weak solution, for example 10 per cent. administered 
every few minutes beginning as soon as the animal recovered from 
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the immediate effects of the operation. These experiments were very 
successful so far as keeping the animal alive was concerned. In most 
cases the blood sugar was maintained at a normal level and the animal 
never developed the first group of symptoms, but died after the appear- 
ance of the second group. By a combination of oral and intravenous 
administration we were able to keep an animal alive thirty-four hours 
after complete removal of the liver. 

The chief difficulty encountered with the oral administration was 
that the operative trauma sometimes interfered with the emptying 
of the stomach so that most of the glucose did not pass into the intestine 
where it could be absorbed. To obviate this a jejunostomy was made 
in some experiments at the time the liver was removed. The adminis- 
tration of glucose through a jejunostomy tube was the most satisfactory 
method used. We were able also to keep the blood sugar level normal 
by the intraperitoneal injection of glucose. 

The Constancy of the Effect of Glucose —We observed the resus- 
citating action of glucose administered intravenously, more than 200 
times in about forty hepatectomized animals. It never failed to restore 
to normal an animal that had developed the group of symptoms asso- 
ciated with low blood sugar. Further we administered glucose to 
twenty-five hepatectomized animals by the other methods mentioned, 
and in none in which we were successful in maintaining a normal 
blood sugar value or a hyperglycemia, did the first characteristic group 
of symptoms develop. 

The Effect of Other Substances Administered —We attempted to 
determine whether the restorative action of glucose in the moribund 
condition following hepatectomy was specific. For this purpose a wide 
variety of substances which would seem to give some promise of having 
a related action, were tested in the same manner and in amounts which 
seemed to correspond to the amount of glucose necessary to restore 
the hepatectomized animal to normal. The following substances tested 
were found not to have a restorative action: 

Saccharose; lactose; levulose; inulin; sodium chlorid; sodium 
sulphate ; sodium carbonate ; sodium bicarbonate ; ethyl alcohol ; glycerol ; 
lactic acid (racemic); acetic acid; hydrochloric acid; pyruvic acid; 
epinephrin ; pituitary extract ; glycocoll. 

Only four substances were found, besides glucose, which had a 
beneficial action when injected into the moribund animal with a low 
blood sugar following removal of the liver. These are maltose, 
mannose, dextrin and galactose. 

The action of maltose is somewhat cumulative. When it is first 
injected in an animal with the characteristic symptoms following 


hepatectomy, the recovery is very slow but complete. Ten minutes 


may elapse between the time of injection and the time the animal 
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can walk, whereas when glucose is injected recovery is usually complete 
in from one to four minutes. When the animal becomes moribund 
again and maltose is again injected, the recovery is much faster than 
after the first injection. Mannose produces a response similar to 
maltose. Dextrin produces a definite but very slight beneficial action 


Che animal will probably regain consciousness and muscle tone but 

















Fig. 5 \: Animal just preceding total removal of the liver. Two previous 
operations have been performed: (1) A reverse Eck fistula; (2) ligation of 
the portal vein. Blood sugar at this time, 0.10 per cent. 

B. Animal one hour after removal of the liver and less than two hours 
after the photograph shown in A. Note that the animal appears normal. 

C. Animal moribund, six and one-half hours following the total removal of 
the liver. The animal flaccid, with a few muscular twitchings. Without treat 
ment this animal would probably have been dead within another hour. Blood 
sugar at this time, 0.05 per cent. 

D. Animal four minutes after the injection of glucose and five minutes 
after the picture shown in C. The animal again appears normal. 


will not be able to stand when dextrin is injected. The beneficial action 
of galactose is so slight and transient that it would scarcely be noted 
unless the animal were under the strictest observation. While we have 
not determined why certain substances are beneficial in the restoration 


of an hepatectomized animal to normal it should be noted that maltose 


is supposed to be converted into glucose in the blood stream. If 


this is true, it explains the beneficial effect of maltose on hepatec- 
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tomized dogs, and the release of excess maltose in the blood after the 
first injection explains the better and more prompt effect of the second. 
We suggest that mannose also may be changed into glucose in the 
blood stream. The beneficial effect of dextrin may be explained on 
the basis that it contains maltose and glucose as impurities. 

The Amount of Glucose Necessary to Restore the Animal to 
Normal.—While there has been individual variation in the reaction 
of the hepatectomized animal to various amounts of glucose, in general 
the quantitative relationship has been constant. The smallest amount 
of glucose which will produce a definite beneficial action in the moribund 
hepatectomized dog is 0.125 gm. for each kilogram of body weight. 
Smaller amounts than this usually do not produce noticeable effects, 
or produce questionable effects. One-eighth gram of glucose for 
each kilogram of body weight restores the animal to consciousness 
and enables it to stand, but not to regain its normal strength, and in a 
short time, from fifteen to thirty minutes, the comatose condition 
returns. When 0.25 gm. of glucose for each kilogram of body weight 
is injected, the recovery is prompt and complete. In our routine work 
we found that 0.5 gm. of glucose for each kilogram of body weight 
was the most satisfactory amount. 

The Amount of Glucose Necessary to Maintain the Animal in a 
Normal Condition.—The amount of glucose to keep the hepatectomized 
animal normal is subject also to individual variation, but on the whole 
is constant. In the average animal, kept quiet in a warm room, 0.25 
gm. glucose for each kilogram of body weight maintains it for one 
hour. If the animal is flaccid and 0.25 gm. for each kilogram of body 
weight is injected intravenously, the animal will be restored to normal 
and will not need another injection for about an hour. Our routine 
injection of 0.5 gm. glucose for each kilogram of body weight usually 
was sufficient to maintain the animal for two hours. The effect of 
various experimental procedures, activity, and cold, often make it 
necessary to repeat the injections more frequently. 

The General Effects of the Glucose Injection——The symptoms asso- 
ciated with the decreasing blood sugar following hepatectomy seem to 
show that at first there is a depression and later a stimulation of the 
central nervous system. We have not as yet determined definitely the 
nature of this process or the component parts of the nervous system 


acted on. In any event the injection of glucose abolishes completely all 


symptoms referable to the nervous system. 

The effect of glucose injection on blood pressure depends on the 
condition of the latter at the time of injection. If the pressure is 
almost normal, as it is at the beginning of an experiment, the glucose 
causes but slight effect. If the pressure is low as occurs after an 
animal has been restored many times, the glucose causes a distinct rise 
in pressure. 
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The heart rate, which is usually very rapid after hepatectomy, may 
become slower when the blood sugar is very low. When the animal 
has developed well marked ‘symptoms, it is usually irregular. The 
injection of glucose, regardless of the rate of heart beat produces a 
beneficial action, making it stronger and more regular. Electrocardio- 
graphic tracings have shown no change either when the animal was 
flaccid or after recovery following glucose injection. 

In many of the experiments the irregularity of the respiration is 
marked. Following the glucose injection the respiratory movements 
return to normal. 

The general temperature curve is downward throughout the course 
of an experiment. In some instances when this factor was observed 
closely, it rose slightly following glucose injection. In most experi- 
ments, the more rapid decrease in temperature occurred while the 
animal was moribund. 

DISCUSSION 

The explanation of the decrease in blood sugar following hepatec- 
tomy and of the remarkable restorative action of glucose when the 
animal seemed to be dying, is probably the same.*?_ The chief possibil- 
ities in regard to this explanation were discussed in a previous paper.’ 
Our further investigations enable us to elaborate on this discussion. 

In view of the current idea that the liver is of great importance 
in regulating the reaction of the blood it was conceived that the removal 
of the organ might produce a condition either of alkalosis or acidosis, 
and that the glucose acted in some way to restore the hydrogen ion 
content of the blood. However, we have never found sufficient change 
in the hydrogen ion concentration or the carbon dioxid combining 
power of the blood at the time the first group of symptoms developed 
to warrant such a consideration. Furthermore, the injection of both 
acids and alkalis make the condition worse. 

The action of glucose may also be explained by its osmotic power 
of changing the fluid concentration of the body cells and the composi- 
tion and volume of the blood, thus washing out and diluting toxic 
substances which developed in the cells because of the absence of the 
liver. That this is not the manner by which glucose produces the 
remarkable effect is proved amply by the fact that other substances 
having even greater osmotic strength, such as hypertonic solutions 


of sodium sulphate and sodium chlorid, do not produce beneficial 


action when injected in large amounts. The injection of other sugars 
such as levulose, saccharose, and lactose is of no value, while a weak 


2. Mann, F. C., and Magath, T. B.: Studies on the Physiology of the Liver. 


— 


II. Effect of Removal of the Liver on the Blood Sugar Level, Arch. Int. Med. 
30:73 (July) 1922. 
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solution of glucose restores to normal. A simpler explanation and one 
which agrees with most of our definitely proved facts, is as follows: 
When the liver is removed a considerable proportion of the glucose 


storage capacity and the mechanism for elaboration of glucose is 


destroyed. The tissues use the sugar in the blood which for a variable 
period is partially maintained by the transformation into glucose of the 
available glycogen in the muscles. As the tissues utilize the glucose 
faster than it can be liberated from the muscles, blood sugar decreases 
as soon as the liver is removed. When the blood sugar has decreased 
below a certain amount, the concentration in the cells of the body 
becomes too low to maintain the normal cellular metabolism. This 
leads to the development of the characteristic symptoms described. 
The injection of glucose furnishes another food supply and cellular 
metabolism returns. While this is the most simple explanation of 
our facts, the final explanation will depend on the correlation with this 
of many other factors, for example the suddenness of the decrease 
in blood sugar. 

The central nervous system seems to be early and markedly affected 
by the decrease in blood sugar. While the entire phenomenon which 
we have been studying can be referable to an effect on the central 
nervous system, at present it seems best to consider it a general bodily 
reaction. 

SUMMARY 

The total removal of the liver is followed by a definite and progres- 
sive decrease in blood sugar. Coordinate with this decreasing blood 
sugar, a characteristic group of symptoms develops. If glucose in 
suitable amounts is injected intravenously into an animal exhibiting 
these characteristic symptoms, it is immediately restored to normal. 
If glucose is administered so that the blood sugar does not decrease, 
the symptoms do not develop. 





STUDIES OF CEREBROSPINAL FLUID AND BLOOD 
OF SYPHILITIC AND NORMAL PERSONS 


WITH SPECIAL REFERENCE TO THE IMMUNITY REACTIONS AND 
THE COLLOIDAL GOLD TEST ON THE ORIGINAL AND 
ULTRAFILTERED FLUIDS AND SERUMS * 


CHARLES E. NIXON, M.D. axon KOICHI NAITO, M.D. 


MINNEAPOLIS 


The investigations reported in this paper have to do with varicus 


chemical, physical and immunologic studies of the cerebrospinal fluid 
and blood of syphilitics and nonsyphilitics and, also, with the factors 
concerned in the colloidal gold and the Wassermann reactions. The 
experiments fall more or less into two groups and so, for convenience 
in discussion, we have divided our paper into two parts: I. Ultra- 
filtration of Syphilitic Serum; II. The Substances Concerned in the 


Colloidal Gold Test and the Nature of the Reaction. 


ULTRAFILTRATION OF SYPHILITIC SERUM 


Part | 


I. INTRODUCTION 


The nature of the active substance concerned in the Wassermann 
reaction has been discussed by many authors and numerous theories 
have been advanced as to the nature of this substance. Citron and 
Reicher ' regarded it to be of a lipoid nature. Berezeller and Schil- 
linger * extracted syphilitic serum by ether and alcohol. The Wasser- 
mann reaction on the serum was weakened after extraction by ether but 
the Wassermann reaction was negative on the extract itself. 

*From the Division of Nervous and Mental Diseases and the Department 
of Physiological Chemistry, University of Minnesota, Minneapolis. This work 
was done under a grant from the United States Interdepartmental Social 
Hygiene Board. We are indebted to Dr. J. F. McClendon for many valuable 
suggestions and criticisms and to Dr. S. Marx White for unfailing interest and 
advice in the course of the work and the preparation of the paper. 

* Part of the work presented in this paper was submitted as a thesis to the 
faculty of the Graduate School of the University of Minnesota, in partial ful- 
fillment of the requirements for the degree of Doctor of Philosophy in Nervous 
and Mental Diseases, 1921. (C. E. N.) 

1. Citron and Reicher: Cited from Kolle and Wassermann, Handbuch det 
pathogenen Microorganismen 7:972, 1913. 

2. Berczeller, L., and Schillinger, L.: Beitrag zur chemischen Untersuchung 
der Wassermannschen Reaktion, Biochem. Ztschr. 90:215, 1918. 
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\Wassermann * divided the Wassermann reaction active substance 
into two parts. One of the parts was soluble in alcohol and the other 
was soluble in water. The former had a lipoid character and the 
latter contained protein. The Wassermann reaction on the alcoholic 
soluble substance was negative. The reaction of the mixture of the 
alcohol soluble substance and the water soluble substance was positive. 
The Wassermann reaction on the water soluble substance itself was 
positive. Schmidt * claimed that the Wassermann reaction active sub- 
stance was a globulin. According to this author the Wassermann 
reaction was also positive on globulin from normal serum but Bauer 
and Hirsch® stated that the reaction was only positive on globulin 
from strong positive serum. 

\ccording to Felke,* the Wassermann reaction was positive on 
albumin and he considered albumin to be the reaction substance. He 
separated globulin from albumin by hydrochloric acid but as globulin 
cannot be quantitatively precipitated by acid* some globulin must, 
therefore, remain in the albumin fraction. 

Scheer * filtered syphilitic milk and syphilitic serum by ultrafiltration 
(3 per cent. filtered). He found the Wassermann reaction to be 


negative on these ultrafiltrates. Egerer® found the ultrafiltrates of 
syphilitic serums and spinal fluids to give weaker colloidal gold reac- 
tions than the originals. 

In our experiments, syphilitic serum was filtered by the ultrafilter 
and the Wassermann reaction was done in the filtrates. The Wasser- 
mann reaction was also done on the globulin and albumin from normal 
and syphilitic serum, and the filtrability of globulin in syphilitic serum 
was compared with that in the normal serum. The globulin and 
albumin content of normal and syphilitic serum was estimated. 


Il. METHODS 


A. Ultrafiltration—The apparatus for the ultrafiltration experi- 
ments was the one constructed for the experiments done by Egerer °® 
and was of the type described by Bechhold.’° The inside of the 
apparatus was coated with tin and the net under the filter was coated 
with gold. This was done at the suggestion of Dr. Larson when we 
found that we were getting anticomplementary reactions on the filtrates 
3. Von Wassermann, A.: Neue experimentelle Forschungen ueber Syphilis. 
Berl. klin. Wehnschr. 58:193, 1921. 

4. Schmidt: Ztschr. f. Hyg. 69:513, 1911. 

5. Bauer and Hirsch: Wien. klin. Wehnschr. 25:155, 1912. 

6. Felke, H.: Die Rolle der Albumine und Globuline bei der Wasser 
mannschen Reaktion, Miinchen. med. Wchnschr. 68: 1597, 1921. 

7. Hoppe-Seyler’s Handbuch der Analyse, p. 406. 

‘8. Scheer, K.: Untersuchungen iiber die Sachs-Georgische Reaktion mit 
Milch luetischer Frauen, Ztschr. f. Immunitatsforschung 30:178, 1920 

9. Egerer: To be published. 

10. Bechold, H.: Ultrafiltration, Biochem. Ztschr. 6:379, 1907 
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Forty or fifteen pounds of pressure was used to filter the serum 
according to whether a 5 or 3 per cent. coating was used in the ultra- 
filtration. Gun cotton was dried in the desiccator for a few weeks 
before the preparation of the collodium solution. 

B. The Wassermann Reaction."—1. Amoceptor: A rabbit was 
injected intravenously with 1 c.c. of sheep blood cell suspension every 
other day, five times in all. The rabbit was bled one week after the 
last injection and the hemolytic power of the serum was titrated. 
One-tenth cubic centimeter of the serum in the dilution (5 c.c. serum 
in 12 c.c. salt solution) was just enough to hemolyze 0.5 c.c. blood 
cell suspension with 0.06 ¢.c. guinea-pig serum in dilution (1 c.c. 
serum in 10 c.c. salt solution). 

2. Antigen: Twenty grams of human heart was put into 100 c.c. 
of absolute alcohol for ten days. Ten cubic centimeters of this extract 
was mixed with 9 c.c. salt solution. Four drops of 0.4 per cent. 
alcoholic solution of cholesterin was added to the extract solution. 
One-tenth cubic centimeter of the antigen solution was used in the 
test. 

3. Sheep Blood Cells: Sheep blood was defibrinated by stirring 
with sterile wood sticks. The defibrinated blood was filtered by cotton 
and it was centrifugalized and washed with salt solution. This was 
repeated three times. One cubic centimeter of blood cells was sus- 


pended in 60 c.c. of 1.7 per cent. salt solution, and 0.5 c¢.c. of this 


suspension was used for the test. 

4. Complement: One cubic centimeter guinea-pig serum was put 
into 10 c.c. of salt solution. Two minimum hemolytic units were used 
for the test. The units were estimated by the titration with amboceptor 
as follows: Of the guinea-pig serum diluted as stated, 0.03, 0.04, 
0.05, 0.06, 0.07, 0.08, 0.09 and 0.1 c.c., respectively, was put into eight 
small test tubes and 1.5 c.c. salt solution, 0.5 c.c. blood cell suspension 
and 0.1 cc. amboceptor serum was added to every tube. The tubes 
were left in the incubator at 37 C. for one hour. The minimum 
hemolytic unit of the complement solution was determined by the 
amount necessary for complete hemolysis. 

5. Wassermann Test Proper: The serum to be tested was left in 
the thermostat at 65 C. for thirty minutes. One drop of blood serum 
to be tested was put into the mixture of 1.5 c.c. salt solution, 0.1 c.c. 
antigen and two minimum hemolytic units of complement. This was 
left in the incubator at 37 C. for one hour. After this period 0.1 c.c. 
of the amboceptor solution and 0.5 c.c. of the blood cell suspension 
was added to the mixture and it was kept in the incubator at 37 C. 


11. We are indebted to Dr. Larson, head of the department of Bacteriology, 
for the various reagents used in the Wassermann test. 
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for one hour again. Two control tests were made at the same time. 
One of them containing the hemolytic system and the antigen, but 
without the serum to be tested; the other control consisted of the 
hemolytic system with neither antigen nor serum to be tested. The 
tubes with the test, which were to be used for the test, were then 
centrifugalized. The degree of hemolysis was compared with the 
standard solution of hemoglobin. 

This standard solution of hemoglobin was made by mixing 0.1, 
0.2, 0.3, 0.4 and 0.5 ¢.c. of blood cell suspension, which was used for 
the Wassermann test, respectively, with 1.4, 1.3, 1.2, 1.1 and 1 c.c. of 
distilled water. The amount of hemoglobin in the last tube (0.5 c.c 
blood cell suspension in 1 c.c. distilled water) is equal to that of the 
test when complete hemolysis took place or the Wassermann test was 
absolutely negative. The amount of hemoglobin in the first tube (0.1 
c.c. blood cell suspension in 1.4 c.c. distilled water) is, therefore, equal 
to that in a test in which the degree of hemolysis is one fifth, or the 
Wassermann reaction is 80 per cent. positive, and the dilutions above 
give comparisons for 80, 60, 40 and 20 per cent. positive, and, as 
already stated, for complete negative, i. e., complete hemolysis. 

6. Salt Solution: Nine-tenths per cent. sodium chlorid solution of 
a pu 7.4 was used. 

7. The influence of the H ion on the titration of complement was 
investigated. The experimental results were as follows: 

The influence of H ion concentrations on the titration of comple- 
ment was determined by changing the H ion concentrations from px 
6.15 to pu 8.4 with sodium bicarbonate. 

Salt solution of varying pu was used; the py of the blood cell 
suspension was 6.15 and this was kept constant in all experiments. 
The pu of the medium in which the titration of complement was made 
is that of the mixture of the salt solution, blood cell suspension, 
amboceptor and complement. But the py which is noted in the follow- 
ing table is that of the mixture of salt solution and blood suspension. 

The H ion concentration of the solution was determined by the 
colorimetric method. A phosphate mixture (of primary and secondary 
phosphate) and borax mixture (a mixture of borax and boric acid) 
was used as the standard solution. Phenol red (fu 7.0 — 7.9), thymol 
blue (pu 8.0— 9.0) and brom cresol purple (fy 5.6 — 6.6) were used 
as indicators. 

In the titration were used 1.5 c.c. salt solution (0.9 per cent.) ; 
0.5 c.c. of 1.7 per cent. blood cell suspension, from 0.01 to 0.1 c.c. of 


complement (diluted guinea-pig serum, 1.0 c.c. of serum plus 10 c.c. of 
salt solution) and 0.1 ¢.c. amboceptor (diluted immune rabbit serum, 


0.3 cc. serum plus 12 c.c. salt solution). 
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The effect of the H ion concentration on the complement was 
determined by comparing velocity of the hemolysis. The velocity of 
the hemolysis can be compared by measuring the amount of comple- 
ment by which the hemolysis was completed in a certain time. If the 
amount of complement necessary to make the hemolysis complete is 
smaller, then the velocity of the hemolysis is greater. Therefore, we 
compared the velocity of hemolysis by measuring the reciprocal amount 
of the complement by which the hemolysis was completed in a certain 
time. Or, more accurately, estimations of the effect of H ion con- 
centration can be obtained by comparing the velocity of hemolysis at 
various intervals. Therefore, the velocity of hemolysis was compared 
at fifteen, thirty, forty-five and sixty minutes. The sum of the reciprocal 
amount of the complement, by which the hemolysis was complete in 
fifteen, thirty, forty-five and sixty minutes was noted as the figure 
which is proportional to the velocity of the hemolysis. The results 
are noted in the accompanying tables. 

The totals of the reciprocal amounts of complement necessary to 
complete hemolysis at fifteen, thirty, forty-five and sixty minutes in a 
group of three experiments are shown in Table 4; the py varying from 
6.15 to 8.4. 

The velocity in the same experiments at sixty minutes alone is 
shown in Table 5. 

CONCLUSIONS 

1. If we compare the velocity of hemolysis at fifteen, thirty, forty- 
five and sixty minutes, the velocity at py 8.15 is the greatest and it 
decreases in both directions from this point. 


2. If we compare the velocity of hemolysis at sixty minutes alone 


the influence of pu, except at pu 6.15 and pu 8.4, on the velocity of 
hemolysis is not so remarkable, as compared at fifteen, thirty and 


forty-five minutes. 

3. Therefore, if the titration was made by measuring the amount 
of complement by which the hemolysis was complete at sixty minutes, 
the pu of the solution can be changed between 6.5 and 8.15, without 
making any notable difference on the results of the test. 

C. Estimation of Globulin and Albumin.—The Ross-Jones test was 
used in making the globulin determinations and the nitric acid test was 
used for noting the presence of albumin. Before the nitric acid test 
was made on the serum, the serum was made globulin free by precipita- 
tion with ammonium sulphate in half saturation and filtration. The 
numbers give the highest dilution of the serum in which the globulin 
or albumin test was positive, and, therefore, are proportional to the 
amounts of globulin and albumin respectively. 
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TABLE 1.—Vexocity or Hemotysis WitH pu 7.55* 


Complement, in C.c¢ 
0.2 0.08 0.04 0.05 0.05 0.07 0.08 
15 miputes Hemolysis - — -_ 
30 minutes Hemolysis : - oa + 
45 minutes Hemolysis + 
© minutes Hemolysis _ 4 


= Complete hemolysis; + = partial hemolysis; — — no hemolysis 


TABLE 2.—Vexocity or Hemorysis With pu 8.15 


= — o— = 


Complement, in C. 
0.08 0.04 0.05 0.06 0.07 
15 minutes Hemolysis - - - 
30 minutes Hemolysis - - 

45 minutes Hemolysis -- + 

@ minutes Hemolysis 


TABLE 3.—Vexocity or HEMOLyYsIs: With Reciprocal AMOUNT 


(I 
or CoMPLEMENT }—} 
{ 





15 minutes 
30 minutes 
45 minutes 
“0 minutes 


TABLE 4.—ReciprocaL AmMouNtTs oF COMPLEMENT NECESSARY 
To CompLete HEMOLYsIS 


— . 
Velocity of the Hemolysis 6.15 
Experiment 1.......... 67.2 90. 0. 100.0 
Experiment 2..... 80.4 91.2 100.0 
Experiment 3.......... 73.8 g 100.0 


73.8 § 100.0 


TABLE 5.—Vetociry or Hemotysis at Sixty MINUwT! 





Velocity of the Hemolysis 6.15 5 7.15 7.55 8.15 
Experiment 1.......... 75.0 Y 100.0 100.0 100.0 
Experiment 2.... 85.5 af 85.5 100.0 100.0 
Experiment ai 80.1 100.0 100.0 100.0 100.0 


80.1 95.1 95.1 100.0 100.0 
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For example, if the highest dilution of serum giving a positive 
globulin test was 1: 400 and the highest dilution giving an albumin 
test was 1: 600, then the ratio of globulin to albumin would be as 
400 : 600. 

The ratio of the content of globulin and albumin, which is shown 
in Table 6, is not the same as the actual ratio in the serum because the 
sensitivity on the globulin test and albumin test is not equal, but changes 
in the ratio of globulin and albumin can be determined by this method. 

D. Dialysis of Serum.—The collodion sac was used for the dialysis 
experiments. The collodion solution was made by dissolving 25 gm. 
collodion in 500 c.c. of a mixture of equal parts of ether and alcohol. 

:. Preparation of Globulin and Albumin.—Serum was diluted one 
half by distilled water and half saturated by the saturated ammonium 
sulphate solution. The precipitate of globulin was separated from the 
solution by centrifugation. The globulin was purified of salts by 
dialysis in the collodion sac in running tap water for two or three days. 
The solution containing the albumin fraction was filtered and dialyzed 
in the same way. The dialyzed albumin solution was filtered again 
and mixed with the same amount of 1.8 per cent. salt solution. 

The globulin, which was dialyzed, was dissolved in a 0.9 per cent. 
salt solution. 

Ill, EXPERIMENTS 

1. Wassermann Reaction on Dialyzed Serum, Globulin and Albumin: 
The Wassermann reaction was done on the dialyzed serum, globulin 
and albumin. The positivity of, the Wassermann reaction of the serum 
increased after dialyzation 14, 100 and 200 per cent., respectively, in 
the three cases of four experiments. The positivity did not change in 
one experiment ; in two other experiments the positivity of the reaction 
did not change but in these two tests the Wassermann reaction was 
100 per cent. positive before and after dialysis; the positivity of the 
Wassermann reaction of the serum after dialysis increased on an 
average of 78.5 per cent. in four experiments. 

The Wassermann reaction on the globulin, which was separated 
from the serum, was done and compared with the reaction on the 
original serum. The positivity on the globulin was increased 150 and 
400 per cent., respectively, in two cases; it did not change in two 
experiments; in one case it was 60 per cent. positive and in another 
case it was 100 per cent. positive before and after the dialysis. 

In two cases it was decreased after the dialysis. The decrease of 
the positivity of the reaction after the dialysis was 24 per cent. in one 
case and 10 per cent. in another. 

Hence, we can say that the Wassermann reaction on the globulin 
was positive after its separation from the serum. 

The Wassermann reaction on albumin was negative in five cases. 
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The Wassermann reaction was done on the globulin, which was 
separated from the normal serum. The reaction was from 20 to 100 
per cent. positive, averaging 72 per cent, positive in twenty-one cases. 


2. Ratio of Globulin and Albumin in Normal and Syphilitic Serum: 


The Wassermann reaction was done on serum from normal and 
syphilitic patients and the ratio of globulin and albumin in these 


TABLE 6.—WaAsSSERMANN REACTION ON SyPHILITIC SERUM, DIALYZED 


Serum, GLOBULIN AND ALBUMIN 


Dilution Days Wasser Per Change 
of of mann centage After 
No. I: Solutiou Drops Dialysis Reaction Positive Dialysis 
Onginal serum 1 100 
Dialyzed serum 16:1 s 3 ; 100 0 
Dialyzed globulin 
solution... , } 3 100 0 
No. 2: 
Original serum... - 70 
Dialyzed serum j ; 7D 
™> 
Dialyzed globulin 
solution....... } : ” 


Dialyzed albumin 
solution 


No. 3 
Original serum 
Dialyzed serum 


Dialyzed globulin 
solution... 


Inalyzed albumin 
solution... 


No. 4: 
Original serum 
Dialyzed serum. 
Dialyzed globulin 
solution... 
Dialyzed albumin 
solution... 
No. 5: 
Original serum. 
Dialyzed serum ’ 
Dialyzed globulin 
SEO cc ec cs cccece 
Dialyzed albumin 
solution... 
No. 6: 
Original serum.. 
Dialyzed serum. 


Dialyzed globulin 
solution... 


Dialyzed albumin 
solution... 


various serums was determined. Table 8 gives the result of nineteen 
determinations of the globulin and albumin ratio and the Wassermann 


reaction and in addition shows the result of six experiments in which 


the concentration of serum was changed. 

From the study of Table 8, it is evident that neither the actual nor 
the relative amounts of globulin and albumin is the essential factor 
in determining the positivity of the Wassermann reaction. 
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3. Filtrability of Syphilitic Antibody by Ultrafiltration (3 and 5 
per cent.): A syphilitic serum was filtered by 3 and 5 per cent. ultra- 
filter. The Wassermann reaction was done on the original and filtered 
serum. Five of the fifteen filtrates by 3 per cent. ultrafilter gave a 


TABLE 7.—WasseRMANN REAcTION ON DIALYZED GLOBULIN 
FROM NoRMAL SERUM 


Wassermann Reaction Wassermann Reaction 
on Dyalyzed Globulin on Original Serum 
7 . ene 2 ciate inianianeny a 
Concentra Wasser- Concentra- W asser- W asser- W asser- 
tion of mann tion of mann mann mann 
No Globulin Drops Reaction Globulin Drops Reaction Drop Reaction Drops Reaction 
1 Original l +70 1:2 1 + 65% 1 
2 Original 1 + BO, 1:2 1 +H 1 
Original 1 + HO% 1:2 1 + HOP, 1 
4 Original 1 OO 1 1 + 80% 1 
Original l + 70% 1:2 1 + 1% l 
6 Original l + 70% 1:2 1 + HO 1 
7 Original l +30 1 1 + 60% 1 
. Original 1 TO, 1:2 1 l 
” Original 1 OF 1 - 
10 Original 7 +70 1 
11 Original l + 70% 1 
12 Original 1 + 70% 1 
13 Original 1 + 70% 1 
14 Original 1 + 100% 1:2 1 100% 1 : — 
15 Original 1 +100% 1:2 1 100% 1 2 
16 Original 1 + 100% 1:2 1 9% l 
17 1:4 4 1% 1:4 8 10% ! 
18 1:4 4 +T0% lie 5 70% 1 - 
19 1 Mr, 1:4 6 Mr, 1 
0 1:4 4 + 90%, 1:4 8 OOF l 
l 1:4 4 ey 


TABLE 8&.—WassERMANN REACTION ON SyPHILITIC AND NorMAL SERUM AND 
ALBUMIN AND GLOBULIN CONTENT IN THE SERUM 


Ratio Between Wassermann 





Concentration Globulin and Reaction, 
No of Serum Globulin Albumin Albumin Percentage 
l 1:1 1,600 200 1:2 100 
l: 800 1,600 1:2 +100 
1:1 1,600 1,600 1:1 +100 
1:2 800 ROO 1:1 100 
1:1 1,600 1,600 1:1 100 
1:2 800 800 1:1 100 
] 4 400 800 1:2 + 
1:8 200 400 1:2 so 
® 1:4 400 400 1:1 +100 
1:8 200 200 aca + 90 
10 1:4 40 400 1:1 +100 
1:8 00 200 1:1 +100 
4 1:1 1,000 1,600 1:1 5O 
’ 1:1 ROO : 1:4 +100 
Ww 1:1 1,600 Jy 70 
11 1:1 1,600 1:2 30 
1? 1:1 oe 1:2 30 
1:1 3,200 2:1 
‘ 1:1 1,600 1:1 
7 1:1 1,600 1:1 
8 1:1 1,600 13% — 
l 1:1 1,600 1:1 - 
4 1:1 PLU 1.4 - 
I 1:1 1,600 1:2 
i 1:1 1,600 1:1 





positive Wassermann reaction. The filtrates by 5 per cent. ultrafilter 
gave a negative Wassermann reaction in five cases. 

4. Globulin Content in the Original Serum and Filtered Serum: 
The globulin content of the normal and original serum was com- 
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pared with that of filtered serum. The same was done on syphilitic 
serum. The filtrability of globulin in normal and syphilitic serum was 
compared. The same ultrafilter was used to compare the filtrability of 
globulin in normal serum with that of syphilitic serum. The serum 
was divided into two parts and these two samples from the same serum 


TABLE 9.—Fivtrasiwity or Sypuivitic ANTIBoBY BY ULTRA 
FILTRATION (3 Per CENT.) 


Wassermann Reaction 


On Origina On Filtered 
No Serun Drop Serum Drops 
1 1 1 
1 1 
l l 
4 1 1 
5 l 1 
a | 
7 1 
8 1 8 
Ww - 
1] 
1? 1 
13 1 
14 l ) 
i , 
TABLE 10.—Fictrasiwity or SypuHititic ANTiBopy BY) 
ULTRAFILTRATION (5 Per CENT.) 
Wassermann Reaction 
On Original On Filtered 
No Serum Drop Serum Drops 
1 : 1 - i 
4 + l 1 
: 1 1” 
4 } 
: 1 . 
TABLI 1] GLOBULIN CONTENT IN ORIGINAI \Np FILTERED SERUM 
Globulin Ratio of 
- Globulin in W ass n React 
In Original In Filtered Original and 
No Serum Serum Filtered Serum Test Contre 
Base 1.x 4 4:1 7 
1,600 4 vo: 1 70 
1.600 1 uy 
1.400 1f 10:1 uw 
1,000 > "1 + 
1.600 i) 0:1 tid 
4 1.600 bd “1 1¥ 
1.400 SD 0:1 Me 
am wo S:1 10 
i> Ww SO: 1 1 
6 RM) s 100:1 “y 
i> s mw: vy 
7 iy) ti ‘1 “¥ 
“iw ~ Timer) ‘y 


were filtered by the same filter one after the other. The filtrability of 
the globulin did not change by the second filtration through the same 
filter in five out of seven cases. The filtrability was decreased 1:2 by 
the second filtration by the same filter in two out of seven cases. The 
change of the filtrability 1:2 by the ultrafiltration is therefore within 
the scope of the technical failure of this method (Table 11) 
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rABLE 12.—Fittrasu 


TABLE 13.—FictraBiLity 


CHANGE ¢ 


TABLE 14.—FILtration 


Wasserinar 
l Globulir 


reaction 


Drops 

Wassermann reaction 
Globulin 

Drops 


Wassermann reaction 
Globulin 


Drops 
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ITY OF GLOBULIN IN NORMAL AND SYPHILI1 SERUM 
Wassermann Reaction 

Globulin on Original Serum 

Original Filtered Ratio Test Control 
loo “ 41 
1am) s al Le 
1.000 1 >: 1 
1,600 ” 40:1 
1.4) 4) 40:1 
1 ue “) sO: 1 
1.000 ry] 021 
ln Ww 10:1 
low wel 
1.000 SOO: 1 
lun ~ “1 
lear ‘ RO: 1 
1,600 1 10:1 
1,00) ‘ SO:1 
1. tu 40:1 
1,000 s O21 
ea! bd lta 0:1 
te be 40-1 
min) > “21 
me 44) SO: 1 
lan Wwe 1:1 
400 lt 40:1 
lune ~ "“y: 1 
lowe "> ee | 
1.00 “i 20:1 
lun SO: 1 
min st 10:1 
MM> le SO: 1 
eel le 20:1 
20 4) BO: 1 
Sim) “> 4:1 
wel 4 SOO: 1 
lw a1 
ae) 40021 


OF GLOBULIN 


9 FILTRABILITY 


IN ORIGINAL 
IN SYPHILITIC 


Ratio of Globulin in 


Original and F 


Normal 
40:1 
071 
ee | 
“1 
wel 
“21 
10:1 
40:1 
“21 
">: 1 
1:1 
21 
Piss 
Ww: 
1 
40:1 
4) 1 
OF SYPHILITK 
Original Filt« 
Serum Ser 
n4y 
1:40 1 
1 1 
rar 
1:400 1s 
1 ] 
ar 
Li 1:4 
1 


iltered Serun 


AND 


FILTERED SERUM AND 


SERUM 
Change of Filtrability 


of Globulin in 
Syphilitic Serum fron 


Syphilitic That in the Normal Serum 
“Mp: ] | ban i: 
40:1 1:1 
LP | 1 
1): 1 1:4 " 
en 1:5 “> 
os Le | 1:4 "> 
me] 1:8 ai) 
Ws) 1 4:20 
40:1 1 
sO: 1 I:4 ”> 
Liee | 1:4 U 
=: 1 1:4 aU 
ee | 1:4 > 
me] 1:8 AU 
SO: 1 1:4 5: 20 
Meet 1:20 1:°0 
41 I 0 

Serum By 5 Per Cent. ULTRAFILTER 

Change of Change of 
ed Filtered Concentration Wassermann 
n Rest of Globulir Reaction 

ae 1 ae 
1 
La 

1:1,600 a 0 
1 
7% 

1: 1.4000 l l¢ 
l 
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The filtrability of globulin in normal serum was compared with that 
of syphilitic serum and the results are noted in Tables 12 and 13 

The filtrability of globulin in syphilitic serum was not different 
from that in normal serum in three out of seventeen cases. In the 
other fourteen cases the filtrability of the globulin in the syphilitic 
serum was decreased 5: 20 in the minimum and 1: 20 in the maximum 
Che decrease in the average was 3.9: 20. A change of 1:2 as has been 
noted is within the scope of the error of technic so that the decrease 
of the filtrability of the globulin in syphilitic serum from that in the 
normal serum may be estimated as about 1: 2.5 

5. Concentration of Syphilitic Serum by Ultrafiltration: The 
decrease of filtrability of globulin in the syphilitic serum was noted and 
it was found that the Wassermann reaction active substance in the 


serum was held on the filter. 


Phis result may be caused by the absorption of globulin and the 
Wassermann reaction active substance by the filter. 

The filtrability of globulin in normal serum was then compared with 
that in syphilitic serum. The results are as given in Table 12. 

6. The relation between the change of the concentration of globulin 
in the original and filtered serum and the change in degree of the 
Wassermann reaction was investigated. The \Wassermann reaction 20, 
50 and 60 per cent., respectively, positive serums were filtered through 
5 per cent. ultrafilter. 

The concentration of globulin in the rest of the serum, which was 
held on the filter, was on the average increased 2.6: 1 times from that 
in the original serum. The change of the concentration of globulin in 
the serum 2.6:1 was followed by the increase of the positivity of 
Wassermann reaction 0, 10 and 16 per cent., or 8.6 per cent. in the 
average. In the one serum showing no increase in the positivity of 
the Wassermann reaction after filtration the test was only 20 per cent 
positive and may be regarded as a negative reaction. If we omit this 
serum, the change in the concentration of globulin in the serum 2: 1 
was followed by the increase of the positivity of the Wassermann 
reaction of 10 and 16 per cent., or 13 per cent. in the average. 

[he relation between the change of concentration of globulin in 
the serum by the ultrafiltration and the change in the Wassermann 
reaction on the same serum was investigated in the above experiment 
f globulin on 


The influence of the change of the concentration « 
the Wassermann reaction was determined, using globulin in salt 
solution. 

\ change in the concentration of the globulin of 2:1 was followed 
by an increase in the positivity of the Wassermann reaction from 10 


to 50 per cent. In two cases a change of concentration of 4:1 was 
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followed by an increase in the Wassermann reaction of 125 and 100 


per cent., respectively. In Table 15 the globulin in each experiment 
is from the original serum and the ratios show the dilutions 

7. Wassermann Reaction on the Suspension of Dried Serum: One 
cubic centimeter of serum was put into a watch glass and dried on 
the water bath over boiling water. After drying, the serum was ground 
to powder in a small mortar. The powder was suspended in 1 c.c 
of distilled water and the mortar was washed with 1 c.c. of salt solu- 
tion. The salt solution which was used for washing was added to the 
suspension of the serum. The protein content of 2 c.c. of the suspen- 
sion would, therefore, be equal to that of 1 c.c. of the original serum, 
and, therefore, 1 drop of the original serum was compared with 2 drops 
of the suspension for the Wassermann reaction test. The Wassermann 
reaction of the suspension of dried serum from normal blood was 
negative. The Wassermann reaction on dried syphilitic serum was 
weaker than that of the original syphilitic serum. 

According to this experiment the Wassermann reaction active sub 
stance in the serum was partially destroyed by heating or drying 
( Table 16). 

8. Wassermann Reaction on Normal Serum Concentrated by Ultra 
filtration: A normal serum was filtered by 5 per cent. ultrafilter. The 
serum remaining on the filter was concentrated from three to fourteen 
times in volume by the ultrafiltration. 

The Wassermann reaction was negative on the concentrated normal 


serum in nine cases (Table 17). 


IV. REVIEW OF EXPERIMENTS 

In our experiments the Wassermann reaction on the globulin from 
syphilitic and normal serum was positive and the Wassermann reaction 
on the albumin was negative. From this we may conclude that the 
Wassermann reaction active substance in the syphilitic serum is a 
globulin or is associated with the globulin. As has been shown by 
Schmidt * the globulin from normal serum also gave a positive Wasser 
mann reaction. Schmidt explained the fact that globulin from normal 
serum gave a positive reaction while normal serum gave a negative 
reaction as being due to the protective action of the albumin. The 
explanation that suggests itself is that the globulin separated from 
normal serum may give a positive Wassermann reaction because of 
the fact that the physical or chemical condition of the globulin which 
has been separated from the serum by dialysis may not be the same 
as it is in the original serum and since the condition of the dialysed 
globulin from normal serum would be similar to the globulin dialyzed 
from syphilitic serum we would expect a similar reaction in each case, 
and this has proved so in our experience, both giving positive Wasser- 
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mann reactions. The condition of the globulin in syphilitic serum may 
be considered as similar to the condition of the globulin obtained by 
dialysis from normal serum. We may further suppose that the condi- 
tion of the globulin which was separated from syphilitic serum and 
dialyzed will not be the same as the globulin in the syphilitic serum, 
as the change has gone further in the same direction. 

The Wassermann reaction of the syphilitic serum was more strongly 
positive after dialysis than before. ‘Therefore it seems probable that 
the change of the condition of globulin in syphilitic serum is increased 
in the same direction by dialysis. The ratio of globulin and albumin 
in normal and syphilitic serum was compared and it was found that 
neither the amount of globulin nor the ratio between globulin and 
albumin plays the essential role in the Wassermann reaction. 

Syphilitic serum was filtered by 3 and 5 per cent. ultrafilter. The 
\Wassermann reaction active substance at times passed through 3 per 
cent. ultrafilter and at other times did not. The inconstant results 
could be caused by the difference of the positivity of the Wassermann 
reaction on the original syphilitic serum and by the unequal thickness 
of the ultrafilter. 

The Wassermann reaction active substance could not pass through 
5 per cent. ultrafilter. 

The Wassermann reaction was positive on the globulin and it was 
negative on albumin. Therefore, it would seem that the Wassermann 
reaction active substance is contained in the globulin fraction. 

The filtrability of globulin in normal and syphilitic serum was com- 
pared by ultrafiltration. The filtrability of globulin in syphilitic serum 
was decreased about 1: 2.5 from that in normal serum. Three explana- 
tions of this difference in the filtrability of globulin from normal and 
syphilitic serum may be given. 

1. Adsorption of globulin in syphilitic serum on the filter in greater 
amount than in the case of normal serum. In reference to this we 
investigated whether adsorption of Wassermann reaction active sub- 
stance does or does not take place. The globulin in syphilitic serum 
was held back by the ultrafilter in greater degree than in normal serum. 
A 2:1 change of concentration of globulin in syphilitic serum by 
ultrafiltration was followed by the increase of positivity of the Wasser- 
mann reaction by 13 per cent. in the average. The influence of the 
change of the concentration of globulin on the Wassermann reaction 
was also determined by using globulin in salt solution. The change 
in the concentration of globulin by 2: 1 was followed by a much greater 
increase of positivity of the Wassermann reaction than resulted from 
a similar change in concentration by ultrafiltration. The positivity of 
the Wasscrmann reaction did not increase as expected in the proportion 
of the concentration of globulin in the syphilitic serum by ultra- 

















filtration. If, as has been suggested, there is a Wassermann reaction 
active and negative globulin present in the syphilitic serum then, if the 


excess of the Wassermann reaction active globulin was adsorbed on 


the filter by the concentration of serum by ultrafiltration, the positivity 
of the Wassermann reaction does not change while the concentration 
of globulin may take place. In our case the positivity of the Wasser 
mann reaction was increased 13 per cent. instead of the expected 
= ’ 


or 30 per cent. From this we may conclude that one 


increase of 
part of the Wassermann reaction active globulin was adsorbed on the 
ultrafilter and by this fact the decrease of the filtrability of g 
in syphilitic serum may be partially explained 

2. The size of the globulin molecule in syphilitic serum may be 


larger than that in the normal serum and, if so, this would result in 


a decrease of filtrability of globulin in syphilitic serum Che larger 
size of the globulin particle in syphilitic serum might be expected from 
the fact that the globulin in the normal serum was Wassermann rea 
tion positive after dialysis and the size of the globulin was increased 
by dialysis. We may consider the stronger Wassermann reaction and 
the larger size of the globulin particle as parallel phenomena. 

The size of the particle of globulin in the suspension of the dried 
serum should be larger than that of the origina 


{71 


1 serum. Nevertheless, 
} 


the Wassermann reaction was weaker on suspension than that on the 
original serum, but this experiment is inconclusive as bearing on that 
point because of the fact that a change of chemical nature in the 
protein may take place during the process of heating 

Hence, the size of the particle of globulin molecule, itself, alone, 
cannot be taken as the essential part for the positivity of Wasserman 
reaction. A certain chemical nature of the particle is doubtless necessary 
for the reaction. 

3. By ultrafiltration the salts in the syphilitic serum can be taken 
out from the original serum, and, therefore, the concentration of salts in 
the original serum can be decreased by filtration. On the contrary, the 
concentration of protein in the original serum was increased 

The condition of the globulin in the serum can be changed by a 
change of concentration of salts in the same way as by dialysis 

The decrease of filtrability of globulin in the syphilitic serum may 
be caused by the change of condition of the globulin by the decrease 
of salts through ultrafiltration and this changed condition will be 
similar to that of dialyzed serum; namely, the size of the particle of 
globulin was made larger by the decrease of the salt concentration. 

And, moreover, in that case it was supposed that the condition of 
globulin in the syphilitic serum can be changed easier than that in the 
normal serum. 
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Vv. SUMMARY 

1. The globulin fraction in syphilitic serum contains the active 
substance in the Wassermann reaction. 

2. The filtrability of globulin in syphilitic serum by the ultrafilter 
was less than that in the normal serum. 

3. Three factors have been considered in this relationship: (1) The 
possible ease of adsorption of the Wassermann reaction active globulin 
of the ultrafilter as compared with normal globulin; (2) the possible 
greater size of the particle of active globulin as compared with normal 
globulin, and (3) the possible instability of the active globulin as 
compared with normal globulin. 

Part II 
THe SupstaNnces CONCERNED IN THE COLLOIDAL GOLp TEST 
AND THE NATURE OF THE REACTION 

From the work of Thomas Graham on colloidal chemistry, about 
fifty years ago, there has been opened a vast and important field of 
investigation of the bodily processes in health and disease. The 
principles of colloidal chemistry were applied by Zsigmondy ™* to a 
study of the reaction of colloidal gold to certain colloids, especially 
proteins. He found that various proteins protected the colloidal gold 
against the coagulating effect of sodium chlorid, an electrolyte; there 
was also noted a variation in the protective power of different proteins ; 
on this basis of relative protective action proteins were given num- 
bers or values. 

\n extension and application of Zsigmondy’s work to clinical use 
was made by Lange’* who discovered that normal and pathologic 
cerebrospinal fluids reacted differently on the colloidal gold. Because 
of Zsigmondy’s investigations on the protective action of proteins, it 
is commonly stated in the literature that Lange’s test depends on the 
protective power of the protein of the cerebrospinal fluid against the 
salt solution. The error of this conclusion is obvious, when one con- 
siders the fact that the amount of electrolyte used in the test is insuf- 
ficient to produce precipitation of the colloidal gold and, therefore, the 
cerebrospinal fluid must play an active role in the production of the 
colloidal gold curve. In other words, pathologic cerebrospina! fluids 
must contain substances that have a coagulating effect on the colloidal 


gold. 





12. Zsigmondy: Die hochrothe Goldlésung als Reagens auf Colloide 
Fresenius Ztschr. f. analytische Chem. 40:697, 1901. 

13. Lange: Die Ausflockung kolloidalen Goldes durch Cerebrospinalfliissig- 
keit bei luetischen Affektionen des Zentralnervensystem, Ztschr. f. Chemotherap 


1:44, 1912. 
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Chere has been considerable speculation and some experimentation 
on the nature of this reaction and the identity of the active substances 


'*® considered it as an indication of the mixture of the proteins 


Lange 
Zaloziecki ** believed the reaction to be an immunity phenomenon 

Jaeger and Goldstein’ regarded it as an indication of electrical 
changes in the fluid and, therefore, a physical phenomenon. Eskuchen 
thought the cause of the precipitation to be due to the pathologic 
increase of the albumin; variations of precipitation are apparently 
caused by various forms of physiochemical relations of the albumin. 

Weston ** and Miller and his associates '** have found that the active 
substance in the cerebrospinal fluid was dialyzable, and the former 
concluded that globulin was the precipitating substance. Felton ?® said 
the zonal reactions are caused by the interelationship of the globulin 
and albumin; the albumin protects and the globulin precipitates the 
gold. 

Cruickshank *° isolated the globulin of paretic fluids and found the 
globulin to give a reduction in Zone I—a “paretic” curve. In the study 
of dialysis of paretic fluids he found that the dialysates gave no change 
with colloidal gold. He noted the protective action of cerebrospinal 
fluids by using sufficient strength of salt solution to entirely precipitate 
the colloidal gold. He confirmed the work of Felton ?® regarding the 
precipitating action of the globulin of pathologic fluid and the protective 
action of albumin, and states that the various types of reaction can be 
simulated by mixtures of globulin and albumin. Since the “globulin 
obtained from negative spinal fluids, even when used in concentrated 
form, are almost inactive, the precipitating action of paretic fluids 
cannot be ascribed solely to the increase in globulin, but is probably 
dependent on a specific alteration of the physical state of the globulin, 
which is associated with a positive electric charge.” 


1 


It is the opinion of McDonagh *' that the colloidal gold test occurs 


only when there are lipoid globulin particles present, which are suitably 


14. Zaloziecki: Ueber den Eiweissgehalt der Zerebrospinalfliissigkeit 
Ztschr. f. Nervenh. 47:783, 1913. 

15. Jaeger and Goldstein Goldsolreaktion in Liquor cerebrospinalis 
Ztschr. f. d. ges. Neurol. u. Psychiat. 16:219, 1913 

16. Eskuchen: Die funfte Reaktion, Ztschr. f. d. ges. Neurol. u. Psychiat 
25:486, 1914. 

17. Weston: The Nature of the Substance Causing the Colloidal Gold 
Reaction, Tr. Am. Psychol. Assn. 26:467, 1919 

18. Miller, Brush, Hammers and Felton: A Further Study of the Diag 
Value of the Colloidal Gold Reaction, Together with a Method for the Prepar 
tion of the Reagent, Bull. Johns Hopkins Hosp. 26:391, 1915 

19. Felton: Cerebrospinal Fluid and the Colloidal Gold Test, Ne 


M. J. 105:1170, 1917. 





20. Cruickshank: The Value and Mechanism of the Colloidal Gold Test 
Brit. J. Exper. Path. 1:71, 1920 
21. McDonagh Experiments with Cerebrospinal Fluid, Lancet 2:99] 


(Nov. 13) 1920. 
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charged with hydrogen ions and that, although the reaction ts electro- 
lytic, it is influenced by the substratum (protein) to which the elec- 
trolytes are attached. He finds that nonelectrolytic lipoid fails to 
precipitate the colloidal gold. “Therefore, may we say that the pre- 
cipitation of colloidal gold is dependent on the protein particles, but 
that the action is started by the electrolytes attached thereto.” 

From this summary of the literature it is evident that there is con- 
siderable diversity of opinion as to the nature and causes of the 
reaction. In an endeavor to throw further light on the mechanism 
of the colloidal gold reaction, we have studied the effect of syphilitic 
and nonsyphilitic globulins, albumin and dialyzed serums on the pre- 
cipitation and protection of colloidal gold. We have also employed in 
this study the ultrafiltration of sera and cerebrospinal fluids and the 
estimation of globulin and albumin ratios. 

The results obtained from various types of experiments will be 
given first with brief discussion. Detailed discussion and conclusions 


will follow the presentation of the experimental data 


TECHNIK 


+ 


The method of preparing the colloidal gold and making the test 
was that described by Warwick and Nixon.** For the ultrafiltration 
studies, suggested by the work of McClendon ** an apparatus similar 
to one described by Bechhold *’ was used. The essential parts of this 
apparatus consist of an air pump and tank with gage for the com- 
pressed air and of the filtration chamber. The chamber is divided by 
a tine meshed gold coated screen, on which rests the coated filter paper. 
( This apparatus was used in the work of Egerer and the details of the 
apparatus and its use are described by [-gerer in a paper to appear 
shortly.) In the dialysis experiments colloidin sacs were used. 

Relation of the Colloidal Gold Curve to Globulin.—It is commonly 
observed in the clinical use of the colloidal gold test that there is no 
constant parallelism between the type curve and the amount of globulin 
as determined by the saturated ammonium sulphate solution ring test 
( Ross-Jones). It has also been noted by Solomon that a curve may be 
present with a negative Ross-Jones reaction. In a study of more than 
800 spinal fluid examinations we have noted thirty-eight fluids giving 
definite curves, but giving a negative Ross-Jones test, the curves 
occurred in Zones I and II. There were four instances of a positive 


globulin test, with no changes in the colloidal gold. 


~ 


22. Warwick and Nixon: A Study of the Colloidal Gold Reaction and Its 
Clinical Interpretation, Arch. Int. Med. 25:119 (Jan.) 1920 
23. McClendon: The Formation and Composition of the Cerebrospinal Fluid 


J. A. M. A. 70:977 (April 6) 1918. 
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Table 18 shows the curves obtained from globulin prepared from 
human blood serum by dialysis and separation from the albumin by 
precipitation with ammonium sulphate solution. Distilled water and 
physiologic solution of sodium chlorid were used as vehicles for the 
globulin, the amount of globulin in each case being the same in the 
salt and water, but not the same in different globulins 
TABLE 18.—G.Losutin Cur 

No State Colloidal Gold Curvy 

IV Norma! In water pu 6.4 4 0000 

In sult pu 6.4 4 190000 

VII Normal In water 10000 

In salt $2100 0 

VIII. Syphilitic In water »3100 

In salt 000 

IX. Normal In water »420000 

In salt 10000 

X. Syphilitic In water.... j +O 00 

In salt 1+00 

XI. Normal In water 4 1o00 

XII. Syphilitie In water i i J 

1. In salt—from origina i times diluted, Was o14 ‘ | 


(40 per cent 


From normal 
diluted 4 times 


The colloidal gold test was done on 


solutions which were shaken little or 


test (Table 19). 
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From these tables it is evident that globulin prepared from normal 


and syphilitic serums give distinct curves. The reduction usuallv 
TABLE 19.—GrLosutin Cottomart Go ip Curvi 
No State Colloidal Gold Curve 
III. Normal In water 1 42100006 
In salt 44 100000 
V. Normal In water pu 6.4 +000000 
Tn salt pu 6.4 4100000 
VI. Normal In water pu 6.4 4 (420000 
VII. Normal In water 43 100000 (See n 
In salt i4 10000 Table 18 
I. Normal In water 12 431 
In salt 01 > 310 
II. Normal In water 1 $45 10 
In salt 01 rt ) 


occurs in Zone I though the greatest reaction may 


the first or second tubes. 
Curves in Zone II are observed in the globulin preparations which 


were insufficiently shaken. 
The globulins from syphilitic serums give somewhat more marked 


curves than those from normal sera. 


not take place in 
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Relation of the Colloidal Gold Curve to Albumin.—The reactions 
in the colloidal gold test with albumin are noted in Table 20. The 
albumin was obtained from syphilitic and nonsyphilitic human serums. 
It is possible that our albumin solutions contain a trace of globulin 
but they were prepared with great care and all those noted in the 
following experiments gave a negative Ross-Jones test for globulin. 

From Table 20 one may conclude that albumin from normal and 
syphilitic serums may cause a reduction in the colloidal gold; the curve 
occurs in the moderate dilutions. 

Colloidal Gold Reaction with Dialyzed Serums.—Table 21 shows 
the curves obtained with dialyzed and nonsyphilitic human serums. 
Chese serums give curves in the moderate and higher dilutions. The 
curves tend to be irregular. 

Colloidal Gold Reaction with Ultrafiltrate of Syphilitic and Non- 
syphilitic Sera——The colloidal gold test was done on the original and 
ultrafiltrated serum. With few exceptions the curves were fairly 
similar and with the original serums occurred in the dilutions between 
1: 160 to 1:40,960. The ultrafiltrate gave reduction, commonly, in 


TABLE 20 


ALBUMIN CURVES 


Colloidal Gold Test 
00+2721+0 
alt »455545554 


alt Oo+1+ 00000060 


s 


In salt : 000 »Z1000¢ 

Diluted 4 times 000+12334531 

Diluted 14 times: Was 0001000000 
sermann negative 


dilutions of trom 1:80 to 1:10,240. There is a distinct moving of 
the curve to the lower dilutions by ultrafiltration; this phenomenon 
is somewhat more marked in syphilitic than nonsyphilitic serums 
(Table 22) 

Chere is no constant difference in the curves of syphilitic and non- 
syphilitic serums, but the syphilitic serums average a greater reduction 
than the nonsyphilitic serums. 

Serums 75, 76 and 77 offer an interesting comparison. Serum 77, 
which is a nonsyphilitic serum, gives a strong curve, especially from 
the eighth to the fourteenth tubes; after ultrafiltration the curve is 
still very marked and reduction occurs in the first six tubes. Serum 75, 
from a syphilitic patient with a recently negative Wassermann test, 
gives a curve similar to, but stronger, than Serum 77; on ultrafil- 
tration the curve is greatest in the lower dilutions, but extends over less 
dilutions than the ultrafiltrate or Serum 77. Serum 76, which gives a 
100 per cent. positive Wassermann reaction, shows a marked diminu- 
tion of the curve by ultrafiltration, but what reduction there is occurs 


in the first tubes 
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There are some noteworthy facts in the portion of Table 22 having 
to do with the globulin ratio. For example, Nos. 25 and 26 (ultra 
filtrates) have the same amount of globulin, but the curves are distinctly 
different. Ultrafiltrate 26 has thirty-two times as much globulin as 
No. 24, yet the latter gives much the stronger curve. 

Relation of the Globulin and Albumin Ratio to the Colloidal Gold 
Curve.—Table 23 gives the ratio of globulin and albumin in the original 
and filtered serums as well as the proportion of each. It is notable 
that the curves vary distinctly, although the globulin to albumin ratio 
remains the same and even when the total albumin and the total 
globulin is the same in nonsyphilitic serums there is variation in the 
curve. 

Serums 5, 9, 10, 26, 27 and 29 have the same ratio in each indi 
vidual case between the globulin and the albumin in the original and 
ultrafiltrate. In the original serums the globulin: albumin ratio is the 
same in Serums 5, 27 and 31 (1:4); in Serums 9, 10, 28 and 32 (1:2); 
in Serums 25 and 26 (1:1). In serums with the same ratio there 
is distinct variation in the curve; the same is true of the ultrafiltrates 


TABLE 24.—U tRAFILTRATION OF CEREBROSPINAL FLUID 
Original . = a 1 
Ultrafiltrate 00 0 
Original o00060060060 0 060 
Ultrafiltrate 000 0000006 
Original ee 2 , 100 
Ultrafiltrat: 00000000006 
Original 0000 1 
Ultrafiltrate 10000006 
Original ) . 

Ultrafiltrats 482406 86.6 


On the other hand, serums or ultrafiltrates with marked differences 
in the ratio may give similar curves, as, ultrafiltrates 26 and 27. 

The same total amounts of globulin and albumin, as well as the 
same ratio, do not determine similar curves, as is noted on the original 
serums 31 and 32, and ultrafiltrates 9 and 10. 

Ultrafiltrate 28 is interesting in that the globulin: albumin ratio is 
1: 16, yet the colleidal gold reaction is stronger than in Serum 27, also 
a syphilitic serum, with a ratio of 1:4 or in Serum 10 with a ratio 
of 1:2. 

From this table it is apparent that the globulin: albumin ratio is 
not the determining factor in the colloidal gold curve ; also that albumin, 
per se, does not tend to make negative curve. 

Ultrafiltration of Cerebrospinal Fluid—A 3 per cent. coating of the 
papers was used for the ultrafiltration of cerebrospinal fluid. 

The ultrafiltration lessens the intensity of the curve and changes 
the zone of reduction to the tube of low dilution. A fluid giving a 
strong meningetic curve in the original gives a weak curve in Zone | 
after ultrafiltration (Table 24). 
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MISCELLANEOUS 
In this group we include various unrelated experiments made with 
the purpose of noting the effect of various factors and conditions on 
e colloidal gold curve and also precipitin and anaphylactic tests with 


the cerebrospinal fluid. 

\dditional amounts of the salt solution were used with cerebro- 
spinal fluids, giving negative and positive curves. With the addition of 
0.5 c.c. of 0.4 per cent. sodium chlorid solution to each tube no curves 
were obtained in normal fluids, but in positive fluids the curves were 


intensified and tended to be more marked in the lower dilutions. 


(a) Usual method: 0123310000 
(b) Usual method—0O.5 c.c. salt solution to each tube 

1233431000 

a. 0111000000 

b. 0111000000 

a. 0001310000 

b. 0001332100 

a. 0000110000 

bh. 0001231000 


Using 0.2 c.c. of equal parts of cerebrospinal fluid and water gave 
the following curve as compared with 0.2 c.c. of the undiluted fluid. 


Original . .. 5555310000 


Diluted .. 5543100000 

lhe curve is similar but less extensive in the diluted fluid. Several 
experiments were done in which fluids giving similar or dissimilar 
curves were mixed in equal parts and allowed to evaporate; distilled 
water to the amount of one half the original volume of the mixture 
was added and the usual 0.2 c.c. of this was used in the colloidal gold 
test; this gave the same amount of the substances in the fluids as 
though 0.2 c.c. of each had been used. The curves from the original 


and mixed fluids were: 


Original Case. C...... . 5555310000 
Original Case. M....... .. 3444210000 
BE. dk kcdedcowkbadannax 0013443100 


In this instance the curve of the mixture is entirely unlike the 


original and is less marked. 


Original Case. C. .. 5555310000 
Original Case. B 1223210000 
Mixture . ~~ -. 1455555100 


In this instance the mixture of a fluid with a weak curve with one 
giving a strong curve results in a different but more extensive curve 


than either of the originals. 
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Globulin from a normal serum was diluted to the point where the 


globulin test was one faintly positive 
3334554200 


A dilution of three-fifths gave a reduction to “2” and a dilution of 


one-fifth to “3.” 

To 5 cc. of colloidal gold 0.1 ¢.c. of normal globulin in water was 
added, giving a reduction to “2”; when 1 c.c. of O.4 per cent. salt was 
added further color change to “3” occurred. 

A spinal fuid was boiled and filtered through ordinary filter papet 

Original §555431000 
Filtered . 0131100000 
2345532000 


OUVGVGVVOO 


Original 
Filtered 
A mixture of albumin and globulin was made in the ratio of 2:1; 
in the test, therefore, two thirds as much albumin and one third as 


much globulin would be used as in the original tests. 


Original albumin 0001000000 
Original globulin 1313143100 
Mixture ..... ; 0112343100 


The curve is not markedly diminished by using only one third the 
amount of globulin and in spite of two thirds of supposedly protective 


albumin. 


In the first tube there was placed 0.2 c.c. cerebrospinal fluid “ta,” 
| I 


0.04 c.c. albumin solution and 1.8 c.c. salt solution and dilutions made 
as usual. 


55533200 


Original “a” : 445: 
Mixture 1223321000 


This experiment was done using 0.02 c.c. albumin solution 
1443321000 


The albumin in this instance tends to diminish the curve and to 
change the zone of reduction. 

Protective Power of Cerebrospinal Fluid and Serum in Relation to 
Colloidal Gold Reaction—There are present in cerebrospinal fluid and 
blood certain substances which act in a protective way against the 
coagulation of colloidal gold by an electrolyte. In experiments having 
to do with the protective power of various substances sufficient amount 
of salt solution is used to entirely precipitate the gold. For this purpose 
0.15 c.c. of a 10 per cent. sodium chlorid solution was used with 2.5 


Cz 


of the colloidal gold solution. 
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The protective power of cerebrospinal fluids, serums, globulins, 
albumins and ultrafiltrates of cerebrospinal fluids and serums was 
determined. It is recognized that the determinations are not absolute 
as the precipitating substance is also present and various amounts of 
the protective substance are required to neutralize the precipitating 
action 

REPORT OF EXPERIMENTS 
In the following experiments the lower figure represents the degree 


old as estimated in the usual colloidal 


of reduction in the colloidal 
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Precipitin Test of Cerebrospinal Fluwid.—1. Precipitin test of spinal 


fluid with an antinormal human serum rabbit serum: A rabbit was 
injected with 0.5 cc. of a normal human serum intravenously. [our 
days later the rabbit was injected again with 0.9 c.c. of a normal human 
serum intravenously. Four, eight, seventeen, twenty-one and twenty 
five days later, after the second injection, the rabbit was injected 
intraperitoneally with 1.5 c.c., 2.0 cc., 0.5 cc., 1.0 cc. and 2 cc 
respectively. The rabbit was bled seven days after the last injection 

The titer of the immune serum was 1: 2,948, that being the highest 
dilution of the normal human serum, which gave a definite precipitate 
with the mixture of the antihuman serum rabbit serum after two hours 
in an incubator at 38 C. The precipitin test of the spinal fluid (normal 
spinal fluid, fluid from cases of dementia paralytica, cerebrospinal 
syphilis and tabes) with the antinormal human serum rabbit serum was 
done. In one case the test was positive in the dilutions of 1:2, 1: 32, 
1:8 and 1:8 with the spinal fluid of normal, dementia paralytica, 
cerebrospinal syphilis and tabes, respectively, at the end of the second 
hour. At the end of the third hour the test was positive in the dilution 
of 1:8, 1:32, 1:32 and 1:32, with the spinal fluid (normal, dementia 


paralytica, cerebrospinal syphilis and tabes), respectively. 
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In another case the precipitin test of the spinal fluid (dementia 
paralytica, cerebrospinal syphilis and tabes) with the antinormal human 
serum rabbit serum was positive in the dilution of 1:32 for all the 
spinal fluids at the end of second and third hours. 

2. Precipitin test of spinal fluid with an antispinal fluid (dementia 
paralytica) rabbit serum. <A rabbit was injected with 2 c¢.c. spinal 
fluid from a case of dementia paralytica intravenously. The rabbit was 
injected intravenously, with 4, 6 and 8 c.c., respectively, three, seven 
and fifteen days after the first injection. The rabbit was injected 
intraperitoneally with 2, 4 and 6 c.c., of the spinal fluid from a case of 
dementia paralytica after fourteen, nineteen, and twenty-eight days, 
respectively, from the first intravenous injection. The rabbit was bled 
eight days from the last intraperitoneal injection. The titer of the 
immune serum was 1: 512, which was the highest dilution of the spinal 
fluid of dementia paralytica, which gives a definite precipitate with the 
mixture of the immune serum after two hours in the incubator at 38 C. 

Precipitin test on spinal fluid (normal, dementia paralytica and 
tabes) with the antispinal fluid (dementia paralytica) rabbit serum 
was done 

In one case the test was positive in the dilution of 1:32, 1: 512 
aml 1: 256 of the spinal fluid (normal, dementia paralytica and tabes) 
with the antispinal fluid (dementia paralytica) rabbit serum, respec- 
tively, at the end of the second hour. 

In another case the test was positive in the dilution of 1: 256 and 
1: 128 on the spinal fluid (dementia paralytica and tabes) with the 
antispinal fluid (dementia paralytica) rabbit serum at the end of the 
second hour 

Anaphylaxis Test with Syphilitic Cerebrospinal Fluid.—Six guinea- 
pigs were sensitized with intraperitoneal injections of 1 cc. of the 
cerebrospinal fluid from cases of dementia paralytica. Twelve days 
later one of the sensitized guinea-pigs was tested by the intracranial 
injection of 0.5 ¢.c. of spinal fluid from a case of dementia paralytica. 
There was no reaction. Twenty-eight minutes later a second injection 
of the same amount was given, also with no reaction, and thirty-five 
minutes later a third injection of 0.5 ¢.c. was given intracranially still 
with no reaction. The anaphylaxis test was then negative with 1.5 c.c. 
spinal fluid on the twelfth day after the sensitization of a guinea-pig 
by 1 cc. of cerebrospinal fluid from a case of dementia paralytica. 
On the sixteenth day one of the guinea-pigs was injected intracranially 
with 1 c.c. cerebrospinal fluid from a case of dementia paralytica. The 
anaphylaxis test was also negative in this instance. The third guinea- 
pig was taken from the sensitized group on the twenty second day and 
0.5 c.c. of cerebrospinal fluid was injected intracranially. In the first 
and second minute after injection there were strong convulsions. Five 
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minutes later there was passing of feces. Seven minutes later th 
guinea-pig was biting the floor. Seven minutes later the guinea-pig 
was very calm. ‘Twenty-seven minutes after the injection there 
was again passing of the feces, and forty-seven minutes after the 
guinea-pig appeared sick, but had no convulsion. The guinea-pig died 
the following day. The anaphylaxis test was, therefore, positive with 
0.5 c.c. of dementia paralytica spinal fluid on the twenty-second day 
after the sensitization of the guinea-pig with 1 c.c. cerebrospinal fluid 
On the twenty-fourth day another guinea-pig was injected intracranially 
with 0.8 c.c. of cerebrospinal fluid from a case of dementia paralytica 
Six minutes after injection there was a strong convulsion. Eight 
minutes later there was opisthotonus. Ten minutes later the guinea-pig 
appeared relaxed and died eleven minutes after the injection. The 
anaphylaxis test was, therefore, strongly positive with 0.8 c.c. spinal 
Huid from a case of dementia paralytica on the twenty-fourth day after 
sensitization of the guinea-pig with 1 c.c. of such spinal fluid 

A normal guinea-pig was injected intracranially with 0.8 c.c. spinal 
fluid of dementia paralytica. Ten minutes later it was injected again 
with 1 c.c. of the same spinal fluid. There was no reaction after the 
injection in either case. Therefore, the anaphylaxis test was negative 
with 1.8 c.c. spinal fluid of dementia paralytica on the normal 
guinea-pig. 

On the twenty-fourth day one of the guinea-pigs which was 
sensitized with spinal fluid of dementia paralytica was injected intra- 
cranially with 0.8 c.c. spinal fluid from a case of cerebrospinal syphilis. 
Eleven minutes later the guinea-pig was again injected intracranially 
with 0.7 c.c. spinal fluid from a case of cerebrospinal syphilis. The 
guinea-pig was sick after the injection in both cases, but had no con- 
vulsion. The anaphylaxis test was weakly positive with 1.5 c.c. spinal 
fluid from a case of cerebrospinal syphilis on the twenty-fourth day 
after sensitization of the guinea-pig with 1 c.c. spinal fluid of dementia 
paralytica. 

Passive Anaphylaxis Test with a Spinal Fluid of Dementia Para- 
lytica.—A rabbit was injected intravenously with 0.5 c¢.c. spinal fluid 
and with 1, 2 and 2 c.c. spinal fluid intravenously on the fourth, 
seventh and tenth days, respectively, after the first injection. The 
rabbit was injected with 6, 6 and 8 c.c. spinal fluid from a case of 
general paralysis intraperitoneally on the fourteenth, seventeenth and 
twenty-first days, after the first injection. The rabbit was bled six days 
after the last injection. The titer of the serum was 1: 256, which was 
the highest dilution of the spinal fluid of general paralysis that gives 
a definite precipitate with the immune rabbit serum in the mixture of 
the spinal fluid of general paralysis and the immune rabbit serum after 


one hour in an incubator at 38 C 
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Five guinea-pigs were injected with 1 ¢.c. each of an antispinal fluid 
(general paralysis) rabbit serum intraperitoneally. Forty-eight hours 
later one of the guinea-pigs was injected with 0.4 c.c. spinal fluid of 
dementia paralytica. Eight minutes later the guinea-pig was injected 
with 0.6 c.c. of the same spinal fluid. Ten minutes later it was biting 
on the floor, but had no convulsion. Thirty-five minutes later it was 
still sick. 

One of five guinea-pigs which were injected with immune serum 
forty-eight hours before, was injected intracranially with 1 c.c. of a 
spinal fluid from a case of dementia paralytica. Two minutes later 
there was a convulsion. Two minutes later the guinea-pig was biting 
on the floor. Seven minutes later the guinea-pig was injected with 
0.5 c.c. of the spinal fluid. One hour later the guinea-pig was still sick 
but had no convulsion. 

One of five guinea-pigs injected with immune serum forty-eight 
hours before was injected with 1 c.c. spinal fluid from a case of 
dementia paralytica intracranially. One minute later it was injected 
again with 0.5 c.c. of the spinal fluid. One minute later there was 
convulsion. Three minutes later there was passing of urine. Thirty- 
five minutes later the guinea-pig was still sick. 

Another one of the guinea-pigs was injected with 0.5 c.c. spinal 
fluid from a case of dementia paralytica. One minute later there was 
a strong convulsion. Two minutes later the guinea-pig was biting on 
the floor. Twenty-five minutes later the guinea-pig was still sick, but 
had no convulsion. 

A fifth guinea-pig was injected intracranially with 1 c.c. spinal 
fluid from a case of dementia paralytica, One minute later there was a 
convulsion. Two minutes later the guinea-pig was biting. One hour 
later the guinea-pig was still sick, but had no convulsion. 

\ normal guinea-pig, which was not injected with immune serum, 
was injected intracranially with 1 c.c. spinal fluid from a case of 
dementia paralytica. There was no reaction and the guinea-pig was 
not sick. 

The passive anaphylaxis test with spinal fluid of dementia paralytica 
was investigated on the guinea-pig which was injected with an anti- 
spinal fluid (general paralysis) immune rabbit serum forty-eight hours 
previously. In one test of five cases we could find no reaction of the 
passive anaphylaxis with the injection of 1 c.c. spinal fluid from a case 
of dementia paralytica. In the other four cases we found a weak 
positive reaction of passive anaphylaxis with the intracranial injection 
of 1, 1.5, 0.5 and 1 c.c. spinal fluid from cases of dementia paralytica 
on the guinea-pigs, respectively, which were injected with 1 c.c. anti- 
spinal fluid (general paralysis) immune rabbit serum intraperitoneally 


after forty-eight hours. 




















DISCUSSION 


It is evident from these experiments that two factors are concerned 


il 


the colloidal gold reaction. In fluids giving a curve there is present 
th 


a precipitating substance; there may also be present a protective s 
stance which modifies the action of this substance. 

Globulin has commonly been regarded as the active constituent of 
the fluid giving the colloidal gold curve. It has also been suggested 
that albumin acts protectively, and that the different types of curves 
are due to varying ratios of the globulin and albumin. 

A study of Table 18 shows that globulin usually gives a curve in 
Zone I, but may give a curve in Zone I]. Table 19, giving the curves 
obtained from fluids not shaken: (a) globulin in salt solution and (>) 
globulin in water, is interesting because of the fact that the curves tend 
toward Zone I]. It is evident that globulin alone is capable of causing 
zonal reactions. 

Albumin may give no precipitation of the colloidal gold, but in some 
instances it gives a well marked curve, usually in the second zone 
While some of the curves from the albumin preparations were as 


TABLE 25.—Prorective Action oF GLOBULIN AND ALBUMIN 


C.c. of Globulin ¢ Albumin Added to Gold S« 
Color Change in Colloidal Gold Solutior O.4 OY OM1 " a”. 
Globulin o 
Albumin ° 0 


marked as those from globulin, it is apparent that albumin has less 
precipitating power, as a rule, than globulin. 

Salt solutions have a precipitating action on colloidal gold. For 
study of the comparative protective power of globulin and albumin 
against these, solutions of equal strength of the two were used. It 
is evident from the tables relating to the protective action of albumin 
and globulin that globulin has a decided protective action, even more 
striking than that of albumin. 

lable 25 shows the protective action of globulin and albumin from 
the same serum and used in equal amounts in salt solution. 

From common knowledge alone of the albumin-globulin ratio in 
pathologic cerebrospinal fluids it does not seem likely that the curves 
are due primarily to the proportion of these substances. Kafka ** finds 
the ratio in dementia paralytica to range from 7:3 to 5:1; in cerebro 
spinal syphilis, 12:1, and in meningitis it is most commonly 6: 1 
Further, the fact that curves are obtained from fluids giving a negative 
globulin test and, on the other hand, are not always present with fluids 


24. Kafka: Ueber den heutigen Stand der Liquor diagnostik, Munchen. 


med. Wehnschr. 62:105, 1915 
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giving a positive globulin reaction is suggestive that the albumin- 
globulin ratio is not the determining factor in the colloidal gold 
reaction. 

Table 18, giving various globulin ratios with reference to the 
colloidal gold curve, and Table 23, showing the albumin-globulin ratio, 
present a definite lack of parallelism between the total or proportional 
amounts of these substances and the colloidal gold curve. 


Precipitative — 
Protective --- 








Curve in jone I 








Curve in yone if 











Verse Sees F a 


Curve in jone 0 


The fact that globulin has a definite protective action against salt 
solutions and that this power may be greater than that of albumin is 
further evidence that the albumin-globulin ratio, per se, is not the 
determining factor in the production of the curve. 

From these experiments it is evident that both albumin and globulin 
may exhibit precipitating and protecting action. The degrees of pro- 
tection by the same globulin may be varied by changing the state of the 
globulin. 

The ultrafiltration experiments showing a much greater decrease 
of the protecting than the precipitating substance in the ultrafiltrate 
would seem to indicate that the protective molecule is the larger. As to 
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what causes this alteration in the proteins, or whether it is due to the 
combination with some substance, such as lipoid, we have no evidence. 
Colloidal gold curves are dependent, therefore, on the ratio of the 
precipitating and protecting substances. Since our experiments show 
that these substances are present in varying amounts and that their 
precipitating and protective power decreases on dilution with varying 
degrees of rapidity, we may conclude that curves in Zones I, II and III 
are due to various combinations of these substances. If the pre- 
cipitating substance markedly predominates over the protecting sub 
stance there results a curve in Zone I. If the protective power pre- 
dominates over the precipitating power in the low dilutions, but rapidly 
diminishes with higher dilutions, a curve in Zone II is obtained. If 
both precipitating and protecting substances are present in considerable 
amounts, but the protective substance diminishes with dilution more 
rapidly than the precipitative substance, a meningitic type of curve is 
the result. The accompanying illustration gives a graphic representa 


tion of the three types of curves. 


CONCLUSIONS 


1. Positive colloidal gold reactions are due to the presence of 

precipitating substances. : 
2. Both precipitating and protecting substances are present in 

pathologic cerebrospinal fluid. 

3. Curves in Zones I, II and III are due to varying amounts and 

proportions of the precipitating and protecting substances. 

4. Albumin and globulin may possess both precipitating and pro 
tecting power. 

5. Ultrafiltrates of syphilitic and nonsyphilitic serums give curves 
that are more or less similar, but there tends to be a greater difference 
between the zones of reduction of the original and filtered serum in 
syphilitic than in normal cases. 

6. The protecting substance is decreased by ultrafiltration to a 
greater degree than the precipitating substance. 

7. Changes in the state of the protein modified precipitating and 
protecting powers. 

8. The salt solution used in the colloidal gold test partially neutral- 
izes the protective action. 











AN EFFICIENT AND PRACTICAL METHOD FOR 
THE COUNTING OF RED BLOOD CELLS * 


THEO. R. WAUGH, M.D. 


MONTREAL 


Dreyer has quite recently described a method for the enumeration 
of blood cells and bacteria without the use of a counting chamber. 
His method simulates that first elaborated by Wright for the counting 
of bacteria in that it is dependent for its determination on a comparison 
of the relative number of corpuscles, which are of known titer per 
unit volume, and the elements to be counted. It differs principally, 
however, and has a much broader field of usefulness in that, instead 
of using normal erythrocytes and making smears for examination, 
a suspension of the red corpuscles of the hen caretully titered is 
used as a standard and this suspension mixed in known proportion 
with the elements, 1.e. patient’s erythrocytes, leukocytes, ete., to be 
counted allows for examination and comparative enumeration under 
the microscope. He points out the following distinct advantages: 
(1) it can be used with equal facility for counting erythrocytes, leuko- 
cytes and bacteria; (2) it does away with the use of a costly counting 
chamber; (3) it is quicker and less fatiguing to the eyes. 

The method is to be commended for its universality and accuracy ; 
however, it possesses certain disadvantages which greatly interfere 
with its practical clinical employment in enumerating erythrocytes 
These are: (1) although the blood of the hen is obtainable it is not 
a common laboratory animal or readily secufed in many hospitals ; 
(2) the differentiation of the human and avian erythrocytes, while 
easy, is not instantaneous; (3) the method recommended for diluting 
the blood and then adding an equal volume of the suspension is an 
extra step over the hemocytometer method ; (4) the use of a suspension 
standardized to contain about 20,000 corpuscles per cmm. makes calcu 
lation of the patient’s erythrocytes mathematically cumbersome. These 
disadvantages, though they in no way interfere with the accuracy 
of the method, do tend to limit it to a special laboratory technic and 
remove it from the sphere of clinical usefulness. 

To overcome these disadvantages a procedure has been devised 
which has been found to be practical and efficient. Instead of avian 
erythrocytes, a suspension of crenated, fixed and stained human red 
blood cells is employed. This suspension is made up to contain 25,000 
cells per cmm. 


*From the Pathological Laboratories of the Royal Victoria Hospital and 
of McGill University. 
* Aided by grant from the Cooper Fund. 














Technic—The technic for enumeration requires: (1) glass stop 
pered bottle containing the standard suspension; (2) pipets graded 
to deliver 1 c.c. and 0.005 c.c.1; (3) test tube, plain glass slide, and 
cover slip. 

Preparation of the Standard Suspension.—Fifty c.c. sterile 2 pet 
cent. sodium citrate in 0.85 per cent. saline is placed in a sterile 300 c.« 
Erlenmeyer flask. To this is added approximately 5 c.c. blood freshly 
drawn from a vein and free from clot. The blood should come from 
a person free from disease which alters the red blood cells, as anemia, 
etc., and may readily be obtained at the time of taking specimens 
for routine Wassermann examination. As the blood is added the 
mixture should be agitated slowly and the cotton wool plug then 
replaced in the mouth of the flask. The flask is kept at room tem 
perature with gentle shaking up of the settled corpuscles daily or 
oftener to prevent their becoming too firmly precipitated and adherent 
at the bottom. At the end of three or four days, depending on the 
rate of evaporation, it will be noted that the color has changed from 
a bright to a slightly darker red, and if a drop is examined under 
the microscope, the cells will be found darker, smaller than when 
fresh and slightly crenated. Some show the alteration to a greatet 
degree than others. There should be no clumping. 

To the suspension, when the cells have attained this appearance, 
is added 200 c.c. Hayem’s solution made up according to the following 
formula: Sodium chlorid, 1 gm.; sodium sulphate, 5 gm.; mercuric 
chlorid, 0.5 gm.; distilled water, 200 c.c. This must be filtered and 
perfectly clear. It should be borne in mind that all glassware employed 
throughout the process of preparing the suspension must be perfectly 
clean and rinsed in distilled water and all solutions free from insoluble 
dust particles, etc. 

It is convenient if the suspension be now transferred to a tall 
rather narrow glass stoppered bottle which will hold at least 3500 cx« 
vr, better still, a 1,000 c.c. graduated glass stoppered cylinder. During 
the day the suspension is agitated and on the following day it will be 
found to have become light brown in color. The supernatant fluid 1s 
then siphoned off and replaced by fresh Hayem’s solution. The cells 
are allowed to settle, the supernatant fluid is withdrawn and _ fresl 
solution is again added. The suspension is thus practically freed of 
che sodium citrate and the erythrocytes have become fixed. Under 
the microscope they appear small, crenated, brownish and quite highly 
refractile. 


1. Capillary pipets to measure 0.005 c.c. may be obtained from the Will Cor 


poration, Rochester, N. Y., or the Topley Company, Ottawa, Ont 
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rhe cells are now stained by adding 100 c.c. filtered eosin solution 
such as is employed for routine tissue staining or made up as follows: 
Saturated solution of water soluble eosin, 10 c.c.; distilled water, 
&5 c.c.; saturated solution of picric acid, 5 c.c., filter. The mixture 
is shaken up well from time to time and the stain 1s allowed to act 
for twenty-four hours at the end of which time the supernatant fluid 
is siphoned off and replaced by Hayem’s solution. The excess of stain 
is thus removed and the process may be repeated if it is found after 
settling that the solution still contains much eosin. 

Titering the Suspension.—Depending on the amount of blood origi- 
nally obtained, the suspension is now diluted with Hayem’s solution 
so as to contain approximately 25,000 cells per cmm. Before counting 
it is best to transfer definite amounts, e. g., 250 or 300 c.c., to smaller 
glass stoppered bottles. These are then brought to exact titer of 25,000 
by making several careful counts with an accurate hemocytometer, 
fluid being added or withdrawn after settling as required. 

The suspension thus prepared is, so far as we have been able to 
judge, absolutely stable. There should be no clumping which is 
inclined to occur if centrifugalization is employed. The cells stand 
out clearly under the dry high power of the microscope as pink or 
red irregularly spherical masses about 5 microns in diameter. 

Technic for Adding Patient's Blood——The blood of which the 
erythrocyte count is to be determined is added to the standard suspen- 
sion in the proportion of 1 to 200. This may be brought about in 
several ways with satisfactory results. That procedure which is most 
convenient under the circumstances can be employed. Where, as usually, 
it is desired not to withdraw a large amount of blood, the following 
procedure has been found very efficient. 

After thoroughly shaking the suspension, exactly 1 c. c. is measured 
into a test tube. The tube should be perfectly clean but rinsing in 
distilled water without drying will not alter the result. Dwarf test 
tubes measuring 10x1 cm. are a convenient size. The blood is obtained 
by finger or ear prick in the usual way and is allowed to run by 
capillarity or is sucked by means of rubber tubing and mouthpiece 


into a pipet graded to measure 0.005 c. c. The end is then wiped 
off on a piece of gauze and the contents discharged directly into 
the 1 c. c. of suspension in the test tube. The pipet is washed clear 
by drawing up and blowing out the suspension several times. The 


mixture is then shaken thoroughly and may be counted at once or 
the tube may be corked to prevent evaporation and consequent crena- 
tion of the blood disks and set aside to be examined any time when 
convenient within twenty-four hours. 

Another method consists in the use of the regular erythrocyte 


pipet provided with hemocytometers. One with a relatively large bore 
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so that the contents may be expelled readily is preferable. The pipet 
is filled with patient’s blood to the 0.5 mark and then diluted with 
suspension to 101. It is best to remove a small quantity of the suspen 
sion from the large bottle for this purpose. The pipet is then shaken, 
and after discharging the first three or four drops, the balance is expelled 
into a clean test tube and either counted or corked and set aside, as 
rht fallacy here as the 


1¢ 
‘S 


stated above. It is obvious that there is a s 
mixture is minus a quantity of suspension equal to the amount of 
blood employed, namely 4499 part. For practical purposes, however, 
this can be disregarded as it alters the count of corpuscles per cubi 
millimeter by only a similar proportion and this is of no clinical 
consequence. 

When a large quantity of blood is withdrawn by venous puncture, 
as in connection with chemical metabolic blood calculations, and the 


nail 


fluid preserved free from clot by the use of a few crystals of potas 
sium oxalate, a larger quantity ot blood may be convent ntly employs d 


It is only necessary to keep in mind to use a relatively larger amount 


of suspension, so that the proportion of 1: 200 may be preserved, as 
for example 0.05 c. c. blood to 10 ¢. c. suspension 

Counting the Erythrocytes—The erythrocytes may be counted any 
time within twenty-four hours, provided the suspension has been 


properly freed of a large amount of uncombined eosin and care 
taken by corking to avoid crenation of the cells. This possibility 1s 
of considerable practical importance, as, for example, in ward work 
where several specimens may be taken at one time and removed to 
the laboratory, or in private practice when examining blood of person 
outside the hospital or office. 

When ready to proceed, the mixture should be shaken thoroughly 
This is quickly accomplished by removing the cork and placing the 
thumb over the orifice of the tube. A medium sized drop of the 
mixture is now transferred to a clean glass slide and covered by a 
cover slip. Bubbles should be avoided. It will then be found that 
the cells settle almost instantaneously into quiet position. The cells 
are now examined under the high dry power of the microscope 
Reduced light facilitates differentiation, and the pale biconcave circular 
disks of the patient stand out in distinct contrast to the red crenat 
corpuscles of the standard suspension 

Considering the technic employed, it 1s obvious that if the bloo 
which is being examined has a normal erythrocyte count, 1 
between 4,500,000 and 5,000,000 cells per c. mm. the corpuscles and 


be in the proportion of 


standard suspension cells in the mixture will 


approximately 1 to 1 and will appear in practically equal number 
the microscopic field. Thus, almost at a glance and without counting 
one may obtain this information and draw immediate conclusion 


regards a normality or deficiency in red blood cells 
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lor enumeration it is necessary to count and record the exact 
number of each type of cell in several fields. The total number of 
cells in a field may be altered by the size of the drop which has been 
placed on the slide and the size of the cover slip employed. Further- 
more counting may be facilitated, as Dreyer suggests,? by inserting on 
the metal diaphragm within the eyepiece a small circle cut from light 
cardboard in the center of which a square aperture has been made. 
\fter a little practice 100 cells per field may be counted rapidly and 
accurately 

The number of fields examined and the total number of cells 
counted can be modified by the degree of accuracy which it is desired 
to attain. If the cells have been mixed properly by shaking, the pro- 
portion will be found to vary but slightly in different fields, especially 
if the total number of cells per field is high. For accurate enumeration 
it is advisable that a total of 1,000 cells be counted from each of 
two drops examined. 

Calculation of the Patient's Erythrocyte Count.—The total number 
of each type of cell is now computed and by multiplying the sum 
of the fresh corpuscles by 5,000,000 and dividing by the sum of the 
standard suspension cells, the number of patient’s red blood corpuscles 
per cubic millimeter is quickly determined. As a matter of fact, the 
six ciphers may be disregarded and simply “5” used, care being exer- 
cised to preserve the decimal. 

For example: Suppose the sum of standard suspension cells in 
several fields to be 625, and the sum of the patient’s corpuscles in 
the same fields 456. Then 

625 : 456::5:X 
4565 
X or 3.648 


625 
Erthyrocyte count = 3,648,000. 


Unless a very large number of cells is counted, it of course, adds 


nothing to the accuracy to carry the decimal beyond three figures 


CONCLUSIONS 


Employing the same principle of comparing the elements to be 
counted with those of a titered standard suspension, as in Dreyer’s 
method, a procedure is devised which has distinct advantages for the 
enumeration of erythrocytes and offers a method which is rapid, 


accurate and clinically practicable 


I am indebted to the metabolism department of the hospital and to Dr. 
McIntyre particularly for obtaining blood for the work 

2. Dreyer, Georges: A Simple Procedure for the Accurate Enumeration of 
Blood Cells and Bacteria Without the Use of a Counting Chamber, Lancet 1: 
219 (Jan. 29) 1921. The Counting of Blood Cells and Bacteria, J. A. M. A. 77: 
1166 (Oct. 8) 1921. 














THE MECHANISM OF HAY-FEVER* 


FRANCIS M. RACKEMANN, M.D 


BOSTON 


The mechanism of hay-fever is worthy of careful study for the 
reason that hay-fever is quite typical of the great group of clinical 
conditions presumably due to a natural sensitiveness to some foreign 
substance. This sensitiveness is termed allergy. Up to the present 
time at least, allergy has been recognized only in man. A tendency t 
it is often inherited. It manifests itself by different symptom com 
plexes each quite characteristic whenever the individual comes in contact 
with the specific foreign substance 

When this contact is by way of the respiratory tract, the symptoms 
are usually referable to disturbances in the nose and the patient is said 
to have hay-fever. This hay-fever may be either seasonal or perennial 
Seasonal hay-fever would appear to be a very clear cut disease with a 
definite and well defined etiology, because the symptoms begin and end 
at the exact time when the particular pollen appears and disappears 
in quantity in the atmosphere; also because various biologic reactions 
to the pollen are manifested by hay-fever patients which are not mani- 
fested by normal people ; and, finally, because treatment with an extract 
of the pollen brings about relief from symptoms in the majority of 
patients. 

In New England there are at least two important types of seasonal 
hay-fever, namely: (1) early hay-fever, which begins in early June 
and lasts until the middle of July and is due to a sensitiveness to the 
pollen of the common grasses, and (2) late hay-fever, which occurs 
from the middle of August until the first frost and is due to a sensi 
tiveness to the pollen of ragweed, or rarely the pollen of goldenrod 
The studies here reported have been made on patients with late hay 
fever who were sensitive to ragweed. 

\s regards the mechanism of hay-fever, there are several possible 
] 


‘ 


explanations. First, that it is quite the same as the mechanism in t 


} 


artificial sensitization of animals and man: namely, that it depends on 
the interaction of antigens and antibodies. We know that a rabbit 
or a guinea-pig actively sensitized to horse serum, as well as a man 
recovered from the serum disease following a dose of diphtheria anti 
toxin from a horse, will give an immediate local reaction when a drop 
of diluted horse serum is applied to the skin. And in hay-fever, it is 
well known that when an extract of the specific pollen is applied to the 
skin or to the mucous membranes of the patient, an immediate local 
reaction takes place 





° From the Medical Services of the Massachusetts General Hospital! 
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Since there is no pathologic study of the skin test in the literature, we can 


only assume that it is the cells of the skin which are the seat of the reaction 
We know that urticarial wheals are characterized by a transudation of serum 
when spasm of the skin capillaries is followed by dilatation and effusion. It 
is this effusion which by displacing the blood causes the central pallor of the 
wheal. This would indicate that the primary disturbance is in the cells of the 
blood vessels rather than in the cells of the skin, and that as suggested by 
Neisser’ the condition is due to a vasomotor affection of the nerves supplying 


these blood vessels 


To explain such a local reaction as well as the local symptoms of 
hay-fever there are several possibilities. 

1.—The cells of the patient may contain antibodies not present in 
the cells of normal persons but which are added to the normal cell 
function. Perhaps, the best evidence of this addition of cellular anti- 
bodies is the fact that when an antigen is applied repeatedly to the 
same spot on the skin of a hypersensitive patient, the local reactions 
following each application become progressively less—indicating a local 
exhaustion of these antibodies.2— This same exhaustion occurs in the 
entire skin and mucous membranes but in much less marked degree as a 
result of the successful treatment of hay-fever. 

2.—The cells of hay-fever patients may lack something which is 
present in normal cells so that in the former there 1s a failure to neu- 
tralize some reaction producing element in the antigen. An analogy 
is found in those cases in which a positive Schick test indicates an 
absence of normal diphtheria antitoxin. Incidentally, the failure to 
demonstrate precipitins might imply a true toxin-antitoxin reaction. 
The suggestion that ragweed acted as a true toxin was made in 1905 
by Dunbar.* However, the symptoms following an overdose of ragweed 
are not those following an overdose of a toxin, and, furthermore, it has 
been shown * that the blood serum of normal persons and of those hay- 
fever patients who are improved by pollen treatment 1s not capable 
of so neutralizing even a very dilute pollen solution that it will fail to 
give a skin test in another susceptible patient. Also, so far as treatment 
is concerned, the dried blood serum of a normal horse is about as 
effective as is Dunbar’s “Pollantin”—which is the dried blood serum 
of a horse treated with pollen. 

3.—There may be some substance present in the circulating blood 
of the patient which either reacts with the antigen to make it toxic 
or which in some way facilitates the contact between antigen and cell 


1. Neisser, A.: Quoted by Bruck in his Experimentelle Beitrage zur Aetiol 
ogie und pathogenese der Urticaria. Arch. f. Dermat. u. Syph. 96:241, 1909 

2. Mackenzie, G. M., and Baldwin, L. B.: Local Desensitization in Hyper- 
sensitive Individuals and Its Bearing on the Prevention of Hay-Fever, Arch 
Int. Med. 28:722 (Dec.) 1921. 

3. Dunbar, W. P.: Hay-Fever, Berl. klin. Wehnschr., No. 26, p. 797, 1905 

4. Rackemann, F. M.: The Specific Treatment of Hay-Fever, Boston M. & 
S. J. 182:295, 1920 
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contents. If such substance exists in the blood, it should be demon 
strable whenever the skin test is positive. We know that in serun 
disease circulating antibodies and skin tests do develop and appe 
together, but, on the other hand, whereas circulating antibodies disaj 
pear quite promptly in a few weeks, or less, the positive skin test 
will remain demonstrable often for years, so that it would be difficult 
to imagine any close dependence between them 

Circulating antibodies play a definite and important role in exper! 
mental anaphylaxis. The serum of a sensitized animal can cause a 
precipitate when in contact with the specific serum. The detection ot 
circulating antibodies in hay-fever is at best difficult and inconstant 
Koessler ° claims to have transferred pollen sensitiveness from a patient 
to guinea-pigs by means of the blood serum, and Clowes ®° demonstrated 
specific precipitins in a few cases before the onset of the hay-fever 
season, but not in all cases. However, Cooke, Flood and Coca,’ in a 
series of carefully conducted experiments, were not able to demonstrate 
circulating antibodies by which the sensitiveness to ragweed could be 
transferred passively from man to animals, and the author has failed 
to find precipitins in the blood serum of hay-fever patients in spit 
of repeated attempts made in various stages of the disease and during 
treatment. 

These precipitin tests were made by adding together 0.5 c.c. of the patient 
serum never more than twenty-four hours old and used unheated, and 0.5 « 
of ragweed solutions diluted in series from 1: 500 to 1: 500,000 

These dilutions were each made from an original stock solution made 
extracting 1.0 gm. of pure ragweed pollen in 100 c.c. of saline solution whi 
contained 0.5 per cent. phenol and two hundredth normal sodium hydrate 

Readings were made not only after an incubation for one hour at 37 C, but 
again after the tubes had been kept in the icebox over night. In spite of many 
trials, no precipitates were observed 


Largely because of this difficulty of demonstrating any circulating 


antibodies, the question has arisen as to whether ragweed pollen can 
act as an antigen or not. Parker * has recently found that by injecting 
enormous doses of ragweed pollen extract intraperitoneally to guinea 
pigs over long periods of time, she can sensitize them so that the uterus 
suspended in Ringer’s solution will give a well marked contraction 
when ragweed extract is added to the bath. Thus it seems demon 
strated that plant pollens are or may be weakly antigenic 


5. Koessler, K. K The Specit Treatment of Hay-Fever, | hi 
Therapeusis of Internal Diseases 5:671. 

6. Clowes, G. H. A. Certain Specific Reactions Exhibited by Hay-ke 
Cases, Proc. Soc Exper Biol. & Med. 10:69, 1913 

7. Cook, R. A., Flood, E. P., and Coca, A. F. Hay-Fever, the Nature of 
Process and of the Mechanism of the Alleviating Effect of Specif reatn 
J. Immunol. 11:217, 1917. 

8. Parker, Julia, T.: The Antigenic Properties of Ragweed Pollen, Pr S 


Exp. Biol. & Med. 18:237, 1921 











Hence, of the three possible explanations of the positive skin test 
in hay-fever, we may conclude that the theory of additional antibodies 
peculiar to the condition and not found in normal individuals is the 
most satisfactory 

It must be noted, however, that the presence of these antibodies 
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wy 


y no means precludes the possibility that circulating antibodies are 
also important, although, as in serum disease, each appears—as judged 
by our crude methods of demonstration—to be independent of the other. 

\s regards the relation between hay-fever and experimental ana- 
phylaxis, one other point needs emphasis. It is characteristic of 
anaphylaxis that an animal which has recovered from the reaction 
following the parenteral injection of a second nonlethal dose of the 
specific protein will be refractory to a third dose of that protein. Such 


a desensitization in hay-fever and allergy is by no means so sure, for 
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Chart 1.—KRelation of the end results to date of first dose 


as previously shown,* patients with late hay-fever who have reacted 
with urticaria and asthma to an overdose of pollen extract on one day, 
will on the next day show a similar reaction to the same dose of the 
same pollen extract. 

Since the demonstration of circulating antibodies is so difficult and 
irregular, we have at present only two satisfactory methods of study. 
First, the relation of the end results to the technic of treatment, and 
second, the changes in the skin test following treatment. As regards the 
technic of treatment in hay-fever: Aside from the choice of a particular 
pollen extract, there may be at least three factors variable for each 
patient. 

Chart 1 demonstrates that good results as well as poor results may 
follow without regard to the date on which the series of preventive 


inoculations is begun. 
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Chart 2 shows quite clearly that both good and bad results may 
follow either a large or small number of treatments as well as a large 
or small total dosage during the season. Such findings are to be 
explained by the variation in the degree of sensitiveness of the indi 
vidual patient. 

If we assume that hay-fever is dependent on an excess of fixed 
cellular antibodies, it is easy to understand that the degree of sensi 
tiveness can be determined by the Inghest dilution of pollen extract 
which is capable of producing a skin test... When patients are 
extremely sensitive, that is when they have a large excess of cellular 


antibodies and when consequently they react positively to very high 
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Chart 2.—Relation of end results to number of doses and to total dosage 
pollen extract. The total dosage is expressed in cubic centimeters of 1: 100 dilu 
tion. Good results are shown by the circles, the poor results by the dots 


by relatively small doses of extract which would suffice to reduce the 
dilutions of ragweed extract, they theoretically ought to be benefited 
great excess of these cellular antibodies. 

In practice, this theory does not hold. However, it is dangerous 
to make any very definite statement because individual patients vary 
so widely in their reactions to treatment even if, at the first visit, their 
skin tests seem quite the same. For example: A group of at least 
eight patients suffering from late hay-fever, on the first visit gave a 
skin test to a 1:10,000 dilution of ragweed pollen extract. (ff these, 
four were improved by treatment and each of the four had a total dose 


9. Walker, I. C Sensitization and Treatment of Bronchial Asthmatics with 


Pollens, Am. J]. M. Sc. 157:409, 1919. 
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of more than 0.6 c.c. of the 1:100 dilution. Two patients were not 
improved and each received less than one-third of the above mentioned 
dose. 

\ group of at least twenty-four patients gave a skin test to dilu- 
tions of ragweed no higher than 1:1,000. Sixteen of them were 
improved by treatment; eight were not improved, and yet the amount 
of treatment given was about the same in each group. Hence, there 
is apparently only a very rough relation between the original skin test 
and the results of treatment with a given dosage. 

The degree of sensitiveness does seem to diminish when the treat- 
ment is successful. Skin tests performed in September in successfully 
treated cases of late hay-fever show reactions which are ordinarily 
of somewhat less size than similar tests done in May. The reduction 
is, however, rarely more than ten times; that is, if in May they reacted 
to a 1:5,000 dilution; in September they will still react to a 1:500 
dilution. I have never seen a skin test to ragweed disappear entirely 
even in cases in which the treatment was entirely successful. Obser- 
vations of this kind are quite difficult of accurate interpretation for the 
reason that ragweed extracts do not hold their potency indefinitely and 
such observations must be made with freshly made extracts using 
exactly the same sample of pollen. 

Since, however, the skin test does seem to diminish even in small 
degree, this fact alone would tend to substantiate the theory that hay- 
fever is due to an excess of fixed cellular antibodies. The apparent 
absence of circulating antibodies may be due to our crude method of 
their demonstration. 

In order to demonstrate that fixed antibodies were attached to other 
cells than those of the skin of hay-fever patients, I had hoped to obtain 
a vermiform appendix or other specimen of smooth muscle of such a 
patient which could be tested for specific ce!lular sensitiveness by Dale’s 
method ** but so far no specimen has been found. The red blood 
corpuscles of hay-fever patients might show a reaction to pollen extracts 
different from the corpuscles of normal persons. In this connection, it is 
of interest to recall some observations made in 1916 during the course 
of other experiments on serum disease. At that time one problem was 
to determine whether the red blood corpuscles of a patient injected with 
foreign serum (horse serum) showed any change in their reactions to 
the serum before and after the injection. The study was made on the 
red blood corpuscles of patients with pneumonia. Each patient had 
received fairly large doses of antipneumococcus horse serum intrave- 
nously. In no case was there any change observed in the mixtures of 
horse serum and cells before and after this specific treatment, in spite 


10. Dale, H. H The Anaphylactic Reaction of Plain Muscle in the Guinea 
Pig, J. Pharmacol. & Exper Therap. 4:167, 1913 
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of the fact that in most of the cases positive skin tests and precipitins 
had developed at the time when the second specimen of cells was 
obtained. 

The effect of the active sensitization of guinea-pigs to horse serum 
on the red blood corpuscles of these guinea-pigs was also studied and 
again it was found that there was no difference in the reaction of guinea- 
pig cells to horse serum before and after sensitization. Horse serum 
has always a very variable effect on guinea-pig corpuscles, but the varia- 
tions in a control series of guinea-pigs which were bled at the same 
intervals showed irregularities and changes no greater or less than those 
occurring in the sensitized animals. 

Further experiments planned to determine whether the cells of 
sensitized guinea-pigs are hemolyzed by the corresponding antigenic 
serum in the presence of complement were entirely negative. 

In order to study the reactions of the red blood corpuscles in hay 
fever patients, blood cells were obtained from a considerable number 
of patients with late hay-fever—each of whom gave a well marked 
skin test to ragweed pollen extract at the time of bleeding 

[he tests were always set up on the day of the bleeding Blood from the 
arm vein was added in small quantities to a test tube full of salt solution, 


mixed thoroughly, and the cells were then washed three times with saline being 


finally made up in a 5 per cent. suspension in saline solution 
For the test equal quantities (0.5 cx of cell suspension and ragweed 
extract 1: 100 were mixed together and incubated at 37 C for one hour in the 


water bath 


In no case was hemolysis observed, in spite of the fact that specimens 


of cells were taken from patients during various stages of hay-fever 
and from other patients after the hay-fever season 

When the same test mixtures were held over night in the icebox, 
there were no changes noted which were different from the controls 
that is, from mixtures containing red corpuscles of normal persons and 
ragweed extract. That this absence of hemolysis was not due to the 
absence of complement is shown by the fact that when the fresh 
unheated serum of the patient was added to the test mixture of ragweed 
extract and the same patients’ cells, there still was no hemolysis. 

Thus, if we can judge of the presence of antibodies in red blood 
corpuscles by whether or not hemolysis occurs in the presence of the 
antigen, we may say that no such specific antibodies were demonstrated 
in the red blood corpuscles of hay-fever patients, a statement which 
is in entire accord with the findings already noted in typical anaphylaxis 
and in serum disease 

DISCUSSION 


Hay-fever is a typical example of the many varieties of natural 
sensitiveness. The mechanism of hay-fever depends on the fact that 


the cells contain specific antibodies which are not present in the cells 
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of normal persons. That the .~:.aptoms are not due to a lack of function 
which ts normally present is indicated by the absence of any antitoxin 
in the blood, such as occurs with a positive Schick test in diphtheria. 

That the symptoms are not due to circulating antibodies which have 
a constant action either on the antigen or on the cells is shown not only 
by the inability to demonstrate such antibodies in the blood but is indi- 
cated also by the analogy in serum disease where the establishment of 
fixed cellular antibodies, as demonstrated by the skin test, is later 
uninfluenced by the disappearance of circulating antibodies. 

The great variations in the results of specific treatment by a given 
technic are readily explained by the variations in the degree of sensitive- 
ness, although it 1s evident that the delicacy of the skin test is only a 
crude measure of the number of cellular antibodies. Finally, all attempts 
to demonstrate antibodies fixed to the red blood corpuscles of the patient 
by adding antigen to these corpuscles have failed. 

It seems worth while to call attention to the close relation between 
the mechanism of allergy and of immunity. Specific antibodies are 
present in both conditions. In allergy, these antibodies are predominantly 
fixed in the cells; in immunity, the antibodies are predominately in 
the circulating blood. However, in neither condition are the antibodies 
in one location exclusively. In allergy the symptoms probably depend 
on reactions which take place in the cells. That no such symptoms 
occur in immunity is shown by the experiments of Manwaring and 
Kusama." Reactions following perfusion with serum mixtures were 
obtained with the lungs of immune guinea-pigs—which reactions were 
entirely analogous to those obtained with the lungs of anaphylactic 
guinea-pigs. The fact that, in life, immune guinea-pigs show no reac- 
tion to injections of the specific antigen, although it is clear that their 
cells do contain fixed antibodies, must be explained by the protection 
afforded by the excess of circulating antibodies. The difference between 
allergy and immunity, therefore, depends on whether antibodies are 
predominent in the cells or in the blood. 

Manwaring, W. H., and Kusama, \ Analysis of the Anaphylactic and 
Means of the Isolated Guinea-Pig’s Lungs, J. Immunol 


Immune Reactions 
2:157, 1917. 
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INTRODUCTION 


Injection of a foreign protein into the animal body leads to certain 
well defined phenomena which should be familar to all. If sensitization, 
following a previous dose, be present, anaphylactic shock may result 
Otherwise one expects, first, a latent period with no outward manifes 
tation but during which it is believed that the protein is undergoing 
chemical change into less complex and more stable substances, and 
second, a rise of temperature with an increase of the neutrophil poly- 
morphonuclear white cells of the blood. If the injection be subcutaneous 
or intramuscular, the sequels are mild and last over a day or more; 
if the injection is intravenous, they are relatively violent and subside 
ina few hours. Vaughan’ has considered the excess heat production 
as being due to three factors; (1) the unusual activity of the cell 
? 


supplying the proteolytic enzyme; (2) cleavage of the foreign protein; 


(3) the destructive reaction between the split products of the foreign 
protein and the proteins of the body. Fever may also be produced 
the rapid withdrawal of the major portion of the available water of 
the body. This method of investigation was first systematicall 
exploited by Balear, Sansum and Woodyatt* and is best carried out 
by the intravenous injection of hypertonic salt solution. This, in turn, 
produces a diuresis which, in the course of a few hours, may cause the 
fHuid output to exceed the intake by many hundred cubic centimeters 

It has been pointed out in a previous communication * that acute 
water shortage results in an increased rate of protein metabolism with 
a rapid increase in the formation of the endproducts which quickly 
pile up in the blood. In this case but one of the sources of fever men- 
tioned by Vaughan can be a factor, namely, chemical heat from the 
changes in the body protein. These changes resemble, to a striking 
degree, certain features of many of the acute bacterial infections, 

* From the Buhl Memorial Laboratory, Harper Hospital 

1. Vaughan, V. C., Vaughan, V. C., Jr., and Vaughan, J. W.: Protein Split 
Products in Relation to Immunity and Disease, 1913. Lea & Febiger, Phil 
delphia, pp. 373-416. 

2. Balcar, J. O., Sansum, W. D., and Woodyatt, R. T.: Fever and the Water 
Reserve of the Body, Arch. Int. Med. 24:116 (July) 1919 

3. Bacon, D. K., Anslow, R. E. and Eppler, H. H Intestinal Obstruct 
Arch. Surg. 3:641 (Nov.) 1921 
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notably colon bacillus peritonitis, pneumonia and the acute pyogenic 
infections, and will be more fully discussed at a later time. The present 
investigation was undertaken to determine whether fever due to the 
increased protein metabolism of acute water shortage was accompanied 
by a leukocytosis similar to that seen after the injection of a foreign 
protein, and if so to consider its bearing on the subject of leukocytosis 
in general, 
METHODS 

Dogs were used for experiment and were all, so far as could be 
determined, in good health at the time. Dehydration was produced 
by injection into the femoral vein of a solution consisting of sodium 
chlorid, 99 gm.; potassium chlorid, 3.3 gm.; calcium chlorid, 2.86 gm. ; 
water, 2,000 c.c. This represents the concentration of Ringer’s solution 
multiplied by 5.5. Sodium chlorid alone was avoided because of the 
sodium poisoning said to occur when it is used on tissues in high con- 
centration and unaccompanied by the physiologic antagonists—potas- 
sium and calcium. This solution will, later, be referred to as 
dehydration fluid. It was given through a graduated funnel such as is 
used in the administration of arsphenamin. This was connected by a 
rubber tube to a small glass cannula which could be tied into the vein. 
The rate of flow was easily controlled by a small screw clamp on the 
tubing. Solution, glassware and tubing were, of course, kept strictly 
aseptic. 

In general, no attempt has been made to give the solution at a fixed 
rate, but the calculated amount ts allowed to run in quite rapidly ; thus 
500 c.c. could be given in from fifteen to twenty minutes. It was found 
that if enough solution were given to leave a high residual salt con- 
centration in the body after exhaustion of the available water and death 
took place in less than six hours the changes under investigation, while 
they occurred in some measure, were abortive and ill defined. Thus 
the effort has been to so regulate the amount injected that a smaller 
residual salt content was left and that death came in from twelve to 
twenty-four hours. This permits of ample time for the interesting 
features to unfold and develop. Success, within these limits, has been 
secured, in a majority of experiments, by administration of 50 c.c. of 
the dehydration fluid per kilo of body weight of the animal. The process 
is somewhat influenced by surroundings, and it, more particularly the 
rise of temperature, may be accelerated by placing the animal in a warm 
room or held in check by placing it in a cool room. In the latter case 
there may be a marked difference between rectal temperature and that 
of the internal organs. The increased urinary output following the 
injection was collected through a retention catheter and allowed to drip 
into a graduate where the amount could be read at any time. Vene- 
section was done under 1 per cent. procain anesthesia. All experimental 


animals were kept under morphin as a sedative. 











a ae 








EXPERIMENTAL DATA 
Information on eight dogs is given in Tables 1 to 8 In Dog 1 
figures for the concentration of total noncoagulable blood nitrogen are 
given at the same intervals as elapsed between temperature readings 


s+] y 


I. XPERIMENT 1 Dog 1, female, weight 13,440 em., was injected w 


per kilo of dehydration fluid. 


TABLE 1.—Segvuets or Acute Water SuHortace 1N Dog 1 





orpho v phe 
Fluid Fluid Blood rotal nuclears, cytes, ¢ . 5 
Tempera ntake Output Nitroge Leuke pe pe I» tg 
rime ture Cu Ct Meg cytes Cent Cent ‘ ‘ 
f p.m 101.6 ‘ ‘ > am s 
0 p.m 1 1.000 tan » 4 
§:30 p.u 104.0 1,260 af SOO s 
‘ “p.m et 14%) Oo 1) OM - 
l 0 a.m 1s 1,570 4 12,800 
0 a 105.8 1,590 0 17 30 
EXPERIMENT 2.—Dog 3. female. wt. 10.900 om.. was injected with 6 per 
kilo of dehydration fluid, 
rFABLE 2.—Segvets or AcuTE WATER SHORTAGE IN Dow 3 
Poly Small Mone 
orpho- Lymplh« ‘ 
Fluic Fluid Blood Total clears, cytes, 
Tempera- Intake Output, Nitrogen, Leuko per per 1 | 
l ‘ t ‘ Cu Cs g. cytes Cent Cent ‘ ‘ 
= p.t jimh ’ ‘ 11.40 ~ . 
{ wp. 19.4 nw uy SM 9 
my w.? 0 1,1& tan ; 
6:00 a 1 "> 1,27 i ] ALL r ry 
EXPERIMENT 3.—Dog 4, female, wt. 5,920 gn vas injected with 45 r 
kilo of dehydration fluid 
t 
rABLE 3.—Seovets or Acute WaATER SHORTAGE IN Doc 4 
Poly Sn Mon 
morpho- Lympho- r ‘ 
Fluid Fluid Blood rota clears, cytes clears I 
Tempera- Intake, Output, Nitrogen, Leuko per per per per 
rime ture C.e C.c. Mg. cytes Cent Cent Cent Cent 
4 p.n 100.4 0 0 37.5 5.400 4 14 
6:45 pn 10 65 wi) 000 
wn 100.4 #. 510 a 11m i 4 
7:00 an IMA t 4 16.404 &5 “ . 
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oO p.m oOo € no lia bel f 
00 pn OOF ‘ ta 15.70 RO 
11:4 p.m 104.4 0S 670 f 
> 
and blood counts to illustrate the growing velocity of protein cataboli 
and biood counts to illustrate the growing velocity of protein catabolism 
and the parallel rise of the white count \dditional data on protein 
disintegration in acute water shortage as a process of increasing momen- 





tum have already been published.* 














It must be 





realized that the withdrawal of repeated samples of 


blood trom a small animal constitutes, in itself, an appreciable hemor- 


rhage 


As hemorrhage is a recognized cause of leukocytosis a possible 


source of error was apparent and in other animals only normal and 











EXPERIMENT 4.—Dog 5, female, wt. 13,210 gm., was injected with 50 c.c 
per kilo of dehydration fluid. 
TABLE 4.—Srovets or Acute Water SHortace in Doc 5 
Poly Small Mono 
morpho- Lympho n ) 
Fluid Fluid Blood nuclears, cytes, clears, 
Ter ra- Intake, Output, Nitrogen, per per per 
l t C.e C.c Mg Cent Cent Cent I 
mw pa 8 0 o 18 7 18 é l 
11:08 pur 100.6 ~~ 40 70 4 f 0 
1: an 4 im mo s Ww ~ 0 
OO at 8.6 wl) 1.170 29 ¢ ) 
Loops vs io 1,175 4 4 0 
» om 6 1) 1.180 1 5 0 
EXPERIMENT 5.—Dog 8, male, wt. 11,710 gm., was injected with 45 c.c. pet 
kilo of dehydration fluid to which was added 2 per cent. HCl. 
TABLE 5.—Seovets or Acute Water SHorTAGE IN Doc 8 
Poly Small Mono 
morpho- Lympho- nu Eosino 
Fluid Fluid Blood Total nuelears, cytes, clears, phils, 
Tempera- Intake, Output, Nitrogen Leuko per per per per 
Time ture Cu C.e Mg cytes Cent. Cent Cent Cent 
10:00 p.m 1.8 ) o “ 4200 79 11 10 0 
11:30 p.m moO 320 140 1.00 6S on 4 0 
! vw a.m Ooo wo O40 7 300 73 "1 6 0 
1:30 a.m O18 ” 730 1000 SI 14 0 
w a.m 18.0 0 TRO 14.000 sO 10 4 0 
oa.m 14.4 ” sik) 19 200 ol 7 0 
Wan 105.2 A 810 19,300 1] 6 0 
Yan hw ” S15 »> Low ” 6 4 0 
Liver 
EXPERIMENT 6.—Dog 10, male, wt. 8.660 gm., was injected with 50 c.c. per 
kilo of dehydration fluid } 
TABLE 6.—Srquets or Acute WATER SHORTAGE IN Doc 19 
Poly- Small Mono 
morpho- Lympho nu Fosine 
Fluid Fluid Blood Total nuclears, cytes, clears, phils, 
rempera Intake, Output, Nitrogen, Leuko per per per per 
Time ture C.e C.e Mg cytes Cent Cent Cent Cent 
45 p.m Ww. 0 o 4 6.400 75 6 18 1 
6:45 p.m 1.0 Sa 0 540 72 ~» 8 0 
4) p.m mo 4 6a0 10.000 gy r) « 0 
8:45 p.m w.2 4 7h 11L&oo ~ 6 x 0 
10:45 p.m 101 43 on) 13,700 m ‘ 4 0 
17:45 an 101.6 4 Op 18.700 "1 4 ‘ 0 
7:45 an tL Lee 435 1,005 17.000 Y > 6 0 
17:00 m mH 425 Loo wo 4 0 6 0 
6:30 p.m 106.6 any inl 67 
Liver 
terminal specimens were taken for blood nitrogen estimation, about 
8 or 10 c.c. in all; the intermediate values being left to the imagination 
of the reader. Blood counts were made from small drops obtained by 





Temperature readings were made per rectum unless 


pricking the ears. 











otherwise stated. Blood nitrogen is given in milligrams per hundred 


c.c.; leukocyte counts in thousands per cubic millimeter. Large lym 
phocytes and transitionals were counted together as mononuclears 
Fluid intake and output are given as cumulative quantities. 

These eight experiments show certain features in common and they 
will be pointed out here to be commented on later. About one hour 
after the injection is completed a slight leukopenia exists. It is not 
marked and the count may be found essentially the same. It is, how 
ever, associated with a drop in the polymorphonuclear count and an 
ncrease of the small lymphocytes. So marked is this lymphocytosts 

EXPERIMENT 7.—Dog 6, male, wt. 8,010 gm., was injected with SO c.c. pet 
kilo of dehydration fluid 


TABLE 7.—SetQvuets or AcuTE WATER SHORTAGE IN Doc ¢ 


Poly Sma Mone 
orp! Lymph Fos 
Fluid Fluid Blood rotal nuclears, cytes clears, pl 
Tempera- Intake, Output, Nitrogen, Leuko per per per per 
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EXPERIMENT 8.—Dog 9, male, wt. 8,140 gm., was injected with 30 c.c. per 


kilo of dehydration fluid which was followed very slowly with 15 c.c. per kilo 
of 5 per cent. sodium bicarbonate solution. 


TABLE 8—SeqQuets or AcuTE WATER SHORTAGE IN Doc 9 


Poly Small Mono 

morpho- Lympho- nu Fosino 

Fluid Fluid Blood Total nuclears, cytes, clears, phils, 

Tempera- Intake, Output, Nitrogen, Leuko per per per per 

Time ture Cu Cu Mg cytes Cent Cent Cent Cent 
30 pn 100.0 0 0 td 7.000 72 6 14 l 
10:30 p.m m0 45 4™) 6.500 7s ] ; ) 
11:30 p.n 0 Sa) io 12,000 87 4 

12:30 a.m 96.2 g5 TO " 13,500 “0 

8: an 11.4 i> 7™ : 24.000 au ~ ’ 
Op. OLS Ik 7 alii 26.400) ; G ’ 
6:30 pn 1@.2 aS wal 2 7 r? ’ 
10:00 p.n 15.4 a 79 67 7 000 x ’ 


that it suggests more than a merely relative increase and resembles an 
actual addition of these cells to the circulating blood By the same token 
a dilution phenomenon as a cause of the leukopenia ts rendered improb 
able. Following this early leukopenia there is a steady increase of the 
total white cell count to levels far above normal. This increase 1s 
apparently almost wholly confined to the neutrophil polymorphonuclear 
cells and there is a marked relative decrease of the remaining types. 
which decrease seems most constant and uniform in the small lympho 
cytes. In Dog 3 the high initial count of 11,500 was accompanied by a 
full stomach and upper intestine and was, we presume, a d 
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leukocytosis. The fall in the final counts in Dogs 3 and 4 we are unable 
to explain on any basis except that of the early formation of antemortem 
white blood cell blots and immobilization of many of the circulating 
leukocytes. Both dogs showed, at necropsy, intracardiac white clots. 

There is a parallel rise of the nonprotein mitrogen of the blood 
indicating progressive catabolism of protein and lastly there are wide 
variations in the body temperature. If the experiment be quickly con- 
cluded the temperature may progressively rise in response to quite 
violent protein disruption. If a longer period elapse between start and 
finish the initial trend of the temperature may be downward and a 
recovery and rise above normal be apparent only in the last third or 
quarter of the time. Indeed, the outer surface and orifices of the body 
may show no elevation of temperature at any time, and it may be found 
only on examination of the deep structures, as in Dog 10. As body 
temperature is a balance between heat formation and elimination, it 
involves too lengthy a discussion for this place. Suffice it to say that 
the discrepancies noted indicate faulty distribution, unequal formation 
in different areas and other phenomena dependent on a failing circula- 
tion and a lack of water with its buffer action in heat absorption and 
transportation. 

In dogs 8 and 9 the effects of an increasing acidosis and of increas- 
ing the alkali reserve were respectively tried in combination with 
dehydration. If one case of each be of value, the acid-base balance 
of the body exerts no very important influence on either leukocyte count 
or blood nitrogen increase. 

Other experimental animals showed changes similar to those 
reviewed above. In control animals injected with 50 c.c. of Ringer’s 
solution per kilo of body weight no variations were noted in temperature, 
blood nitrogen or white cell count which exceeded the limits of normal. 
\ mild upward trend might be observed in animals kept for twenty-four 


hours, particularly if placed in a warm room. 


COMMENT 


It has been noted heretofore that injection of a foreign protein gives 
rise to a leukocytosis only after the lapse of an interval during which 
it is undergoing a change into simpler substances. It follows that 
among the split products are to be found the substances which activate 
the white cells in the bone marrow and are responsible for their 
increased appearance in the blood stream. While it is conceivable that 


urea, creatinin or amino-acids, if present in high concentration, might 
by their diuretic salt action reduce the water reserve of the body and 
produce a colloidal upset with increased protein metabolism and a 
resultant leukocytosis, we are not aware that they, in themselves, exert 
any direct action on the white cells. So, lacking evidence to the contrary, 
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it would seem that the activating substances must belong to that large 
and somewhat ill defined group of intermediate products of protein 
cleavage comprising proteoses, peptones and polypeptids 

To resume the analogy with which this paper was opened, acute 
water shortage results in an increase of the normal protein metabolism 
with a greater production of its by-products, some of which as urea, 
creatinin and uric acid can be measured directly. Inference would 
lead to the belief that other by-products, both in the noncoagulable and 
the coagulable fractions, must be present in increased quantities in the 
blood. By a further analogy, the accompanying leukocytosis bears the 
earmarks of a chemical attraction; a positive chemotropism exerted by 
certain, as yet, unidentified portions of the protein molecule, possibly 
through alterations in the surface tension of the white blood cells, as 
Detweiler * believes. Such a process involves their pafsage in increased 
numbers from the bone marrow to the blood stream;; from the lesser 
to the greater concentration of the attracting substances 

As to the question of leukocytosis as an accompanying feature in 
many phy siologic as well as pathologic conditions, the data presented 
make possible the preparation of a more comprehensive general scheme 
than has hitherto been possible. 

The increase of white blood cells seen after ingestion of a heavy 
meal lends itself readily to explanation on a basis of these observations. 
It will be recalled that following a meal the blood, for several hours, 
contains an increased concentration of inorganic salts, sugars and amino- 
acids, products of digestion, each capable of exerting a saltlike osmotic 
pressure and causing a diuresis. In brief, there exists a condition of 
dehydration, if by that term be understood either an actual water loss, 
an increase in the salt content or percentage of colloidal combination of 
the water reserve, or both. It has been suggested * that strong salt solu- 
tion produces an increased cleavage of body proteins by causing their 
displacement from combination with the usual water of hydration, a 
matter of relative osmotic pressures. It serves the need of an hypoth 
esis in this case and will be used unamended. Following ingestion of 
food are found the necessary conditions for a slight increase of metab- 
olism in the body protein. There is no direct proof that this occurs 
and if present it is undoubtedly small. Nevertheless, the sequels of 
the protein cleavage of dehydration are also present, a picture which 
includes a moderate leukocytosis of perhaps from 10,000 to 12,000, a 
rise of a few tenths of a degree in temperature and an increasd urinary 
output. 

Following prolonged or violent exercise there occurs an appreciable 


rise of the white blood cell count which, possibly, depends on certain of 


4. Detweiler, H. K.: Tice’s Practice of Medicine, W. F. Prior Co. New 
York, 1920, 1:259. 
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the forces under discussion. A considerable amount of water may 
escape and combustion of protein for energy may, to a certain degree, 
occur with, in either case, a larger production of nitrogenous bodies 
exerting an activating influence on the leukocytes. 

No data are at hand concerning the leukocytosis of pregnancy. 

To sum up the nonpathologic leukocytoses, it appears that water 
and salt balance may exert a hitherto underestimated influence. It is 
known that daily normal variations occur over a considerable latitude. 
Mauriac and Cabouat® have carefully studied these. We have noted 
slight increase of white blood cell count, blood nitrogen and temperature 
in control dogs which were kept where some evaporation of water might 
occur. In short, the experimental results obtained seem to be due to 
an extension and intensification of forces which may cause variations 
in these three features within the limits of normal and are possibly 
associated in the maintenance of normal values. 

Among pathologic increases of the white blood cells, the increase 
following hemorrhage should first claim our attention. Musser ° 
reviews this as a sharp rise in the polymorphonuclears due to “retention 
of the leukocytes in the blood stream during hemorrhage by adhesion 
to the vessel walls with diminution of blood volume and, presumably, an 
outpouring of white blood cells from the bone marrow in response to 
an unknown stimulus.” Taylor and Lewis‘ strongly suggest the nature 
of this stimulus by reporting appreciable increases in the nonprotein 
blood nitrogen of dogs subjected to repeated severe hemorrhages. This 
high protein metabolism may, in some measure, be due to changes in 
the water and salt balance, but seemingly other factors also play a part, 
as they were unable to prevent it by immediately restoring the blood 
volume with Ringer’s solution after each hemorrhage. The almost 
proverbial water hunger which occurs in hemorrhage suggests that 
fluid has a definite place in treatment. 

As regards a resemblance of the above experimental records to the 
picture of hemorrhage, it is repeatedly present and includes, in addition 
to a rising leukocyte count and blood nitrogen concentration, a falling 
temperature. This combination shows in the fore part of many of 
the charts and is followed by a recovery and rise of the temperature 
in the last few hours only. It appears that heat production is increased 
throughout which would lead to the suspicion that its rate of elimination 


is above normal in the early hours to later drop. 


5. Mauriac, P., and Cabouet, P.: Variations in Leukocyte Count in the 
Normal, Paris méd. 11:407 (May 21) 1921. 

6. Musser, J. H., Jr.: The Leukocytes After Hemorrhage, Am. J. M. Sc. 162: 
40 (July) 1921. 

7. Taylor, A. E., and Lewis, H. B.: A Study of the Protein Metabolism 
Under Conditions of Repeated Hemorrhage, J. Biol. Chem. 22:71, 1915 














We will now discuss a possible explanation of leukocytosis in the 
acute bacterial infections and consider its relationship to the dehydra- 
tion theory of fever as originally advanced by Balear, Sansum and 
W oodyatt and later modified by ourselves 

This theory urges the view that the body water reserve exists in 
two forms, first, free and uncombined, in which state the high specific 
heat renders it valuable for absorption and transportation of calories 
from one portion of the body to another, thus equalizing temperature, 
or to the surface for elimination by radiation and, secondly, in colloidal 
combination with proteins, glycogen and in the hydrates of inorgani 
salts, which destroys its ability to regulate heat It further suggests 
that in infection the bacteria, through their toxins, so modify the body 
colloids as to largely increase their hydration capacity and thus produce 
a shortage of free water. Inadequately hydrated proteins commence 
to break down at an abnormally rapid rate and produce increased 
quantities of heat which is largely retained because of the lack of 
available water to care for it 

The case in favor of the dehydration theory, as it at present stands, 
may be stated as follows. In many bacterial diseases there is evidence 
of retention within the body during the acute febrile stage of consider 
able quantities of water which are more or less rapidly released as 
recovery ensues. To be specific, typical lobar pneumonia retains some 
times a number of liters of water during the acute stage and liberates 
it rapidly as sweat and urine at the crisis. Cases of colon bacillus 
peritonitis which recover will, if accurate account is kept of the fluid 
intake and output, show a similar, if less spectacular, phenomenon 
Even the acute localized cutaneous or subcutaneous infections usually 
show an edema or water retention about them which extends far beyond 
the area of redness and beyond the area of actual bacterial invasior 
This is best observed early, before the formation of pus with its measure 
of immunity, and is a localized demonstration of what may become a 
general condition. This retention can be explained only on the basis 
of some change in the state of combination in which the water is held, 
otherwise it would not occur. We know that an acute shortage of water 
will produce quite a large increase in the nonprotein blood nitrogen 
and this in the entire absence of any preexisting nephritis. It is due 
largely to two factors, first, an increase of protein metabolism with a 


larger production of waste nitrogen, and, second, a scarcity of water 


as a vehicle for excretion. Tileston and Comfort * and Wells ® have 
8. Tileston, W., and Comfort, C. W Ir The Total Nonprotein Nitrog 
and the Urea of the Blood in Health and Disease as Estimated by Folit 
Methods, Arch. Int. Med. 14:620 (Nov.) 1914 
9. Wells, C. W.: Blood Chemistry Studies in Influenzal Pneumonia, Ar 


Int. Med. 26:442 (Oct.) 1920 
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each reported a series of pneumonia cases in which an increase of blood 
nitrogen is present in a large per cent. Vaughan and Morse *® found 
in a series of peritonitis cases the same feature which may probably 
occur independently of intestinal obstruction. These are both conditions 
which almost never give rise to any of the varieties of true nephritis 
and the only acceptable explanation of what has occurred in the cases 
cited, and, inferentially, what has occurred in such cases in general, 
seems to be that outlined. It is also reasonably safe to assume that 
the fever of the condition is due to an increased protein catabolism of 
which the high waste nitrogen stands as concrete evidence. 

If the velocity of protein cleavage is enhanced, one would expect, 
in addition to the heat production, attraction of an abnormally large 
number of white blood cells from the bone marrow, and, true to form, 
both pneumonia and peritonitis show this. The leukopenia sometimes 
seen in the stage of invasion of these diseases, particularly pneumonia 
with its rapid onset, resembles in some ways the leukopenia seen at the 
end of the first hour in the records of dogs subjected to experimental 
dehydration. The correct explanation of this feature, from a physico- 
chemical standpoint, we are, at present, unable to give. 

Tileston and Comfort state that typhoid fever never shows an 
increase in the nonprotein blood nitrogen. The white blood cell count 
is characteristically low, and consequently the condition must be 
exempted from the application of many of the foregoing remarks. 

This discussion offers more or less plausible reasons for many 
hitherto not well understood changes in the leukocytes. Of course, the 
parallel rise of leukocytes and waste nitrogen seen experimentally cannot 
always be observed in clinical practice because of the probability that 
the relatively soluble urea, creatinin and uric acid may constantly be 
excreted through the kidneys by the intake of quantities of water too 
small to compensate entirely for the pathologic increase in water 
requirements and yet sufficient to care for a considerable portion of the 
waste formed. The leukocytes are subject to no such excretion and 
consequently attain maximum values. 

If the condition under consideration is a bacteremia, with the most 
marked changes of water balance in the blood, the story ends, so far 
as this paper is concerned, when the leukocytes enter the circulation. 
If the infection be a localized one with a general reaction, we may 
understand that toxin concentration, change of water requirements, 
cleavage of protein and consequent heat production would be most 
marked in the immediate vicinity of the offending organisms. The 
same changes on a somewhat smaller scale would be present in the 
blood. The leukocytes, always moving from lesser to greater concen- 


10. Vaughan, J. W.. and Morse, P. F.: Blood Nitrogen Estimations in 
Genito-Urinary and Abdominal Conditions, Arch. Surg 3:405 (Sept.) 1921 
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tration of the activating nitrogenous bodies, might be expected to leave 
the circulation at a point near the area of infection and following the 
ever fresher trail arrive in the midst of the bacteria in increasing 
numbers with eventual engulfment of the organisms, each a center ot 


disturbance, thus leading to phagocytosis and pus formation. 


SUMMARY 


A picture has been drawn which portrays the leukocytes and fever 
(if one wishes to consider that an immune reaction) as a second line 
of defense against infection, responding only after invasion due to 
let down of primary humoral immunity, if such it be, and then respond 
ing to non-specific stimuli which arise from quantitative alteration 
the bodily metabolism rather than directly from the infecting organisms ; 
the same stimuli which on a smaller scale produce variations of normal 


values in the absence of infection. 


CONCLUSIONS 


1. An experimental leukocytosis results from production of an 
acute water shortage with corresponding increases of body temperature 
and nonprotein blood nitrogen. 

2. This leukocytosis has many features in common with the physio 
logic increases of digestion and exercise. 

3. It throws added light on the mechanism of leukocytosis in 
hemorrhage, and is corroborative evidence of the essential correctness 
of the dehydration theory of fever 

We wish to express our indebtedness to Dr. P. F. Morse for the 
laboratory equipment and for many valuable suggestions, and to Drs. C. | 
Douglas and E. S. Crump for kindly interest and thoughtful courtesies 
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During the late war there was an urgent need for some objective 
test by which the presence and the degree of circulatory disability could 
be measured. The observations on which this paper is based were 
made in the attempt to supply this need. 

Che great majority of men with organic heart disease were rejected 
before admission to the army, but under the regulations issued for the 
f drafted men, it was not possible to exclude 


medical examination ¢ 
those who suffered from the condition known as irritable heart, neuro- 
circulatory asthenia or effort syndrome, though a considerable percent- 
age was later found to be incapable of active service. In England, 
Lewis developed a series of graduated drills by which the capacity of 
these men for service could be estimated. I used this system of exer- 
cises at Camp Lewis, both in normal individuals and in cases of irritable 
heart, but after some months it was discarded because the results were 
uncertain and the method required too much time. This was chiefly due. 
I believe, to the fact that Lewis was dealing with trained soldiers, while 
we had raw recruits. An essential for the success of his plan is that the 
exercises be carried out with sharpness and precision, so that the amount 
of effort entailed is more or less uniform. With untrained men, espe- 
cially men suffering from cardiac, vasomotor and nervous symptoms, we 
did not succeed in attaining this uniformity. After a considerable 
experience of military discipline response to orders is almost involun- 
tary. Without this experience movements are slowed and inadequately 
performed at the first onset of fatigue. The amount of work done 
varies rather with the psychic state of the individual than with his 
physical capacity. Time also was of importance in our case. Circum- 
stances were such as to call for a decision in days rather than in weeks. 

Efforts were made to use the exercise test recommended from 
Washington, D. C. This depends on the effect on the pulse rate of 
change of position and of hopping 100 times. Since no normal stand- 
ards were given, the pulse rates of 1,000 normal recruits were counted 
throughout a test which was a slight modification of the official test. 
From these data statistical standards of normality were prepared.’ But 
this method was also abandoned, for reasons which will be discussed 
in this paper. The pulse rate method was still further developed by 


*From the Medical Department of Stanford University Medical School. 


1. Addis: J. A. M. A. 72:181 (Jan. 18) 1919. 
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observing the effect of hopping, first 100, then 200, 300, 400 and 500 
times without intermission, except for the short intervals during which 
the pulse was counted. This test demonstrated that even persons with 
marked symptoms were capable of the quite severe exertion which this 
amount of exercise entails, but otherwise it was not found to be of 
much value. 
Che test which was actually used developed as a result of a trial 


f Crampton’s method * in which observations of systolic pressure as 
well as of pulse rate are made before and after rising from the recumbent 
to the erect position. First, while the subject is lying down, the pulse 
rate is counted for quarter minute intervals until a constant pulse rate is 
attained. The systolic pressure is then taken. After the subject stands 
up the pulse rate is again counted until it becomes constant and then 
the second systolic pressure reading is made. The results were found 
to be very variable, and in order to find the causes of this high degree 
f variability, a consecutive series of blood pressure and pulse readings 


il 
were made simultaneously at quarter minute intervals before and after 
the subject altered his position. It then became clear that one reason 
for the inconstancy of the results lay in the varying time required for 
the pulse rate to become constant after standing. If this time were 
very short, a fall in systolic pressure was frequently found. If it 
took a little longer the pressure was often higher than when the sul 

ject was lying down and later still it fell to a more or less constant 
level. On examining the charted records of these experiments it was 
seen that the greatest change in systolic pressure occurred immediately 
after standing and that this effect was usually missed altogether by 
waiting until the pulse rate became constant. 

The system of simultaneous pressure and pulse rate measurements 
was then applied to the test which had been used in the pulse rate work 
Twelve consecutive pressures and pulse rates were taken, six before and 
six after exercise. [Exercise consisted of 100 hops timed by a metro 
nome striking at a rate of 120 to the minute. Pulse rates were counted 
over fifteen second periods, and each pressure reading was made as 
nearly as possible in the middle of these periods, which were trned by 
a watch attached to the sphygomanometer. A mercury instrument was 
used which had a 5 inch canvas backed arm band under which a special 
stethoscope bell was fitted. One hand of the observer was thus free to 
make the air pressure adjustments while the other held the instrument 
The systolic pressure was read at the first appearance of sound as tl 
mercury fell. But in many cases after exercise the sound of the beat 
of the forcibly pulsating artery against the upper edge of the arm band 
f sound was then taken as 


could be heard, and the first accentuation « 
the signal to read the systolic pressure. The diastolic pressure was read 


Crampton: New York M. J. 98:916, 1913 
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at the commencement of the fourth phase, or at the disappearance of 
sound when no fourth phase could be distinguished. The blood pres- 
sures were taken by myself, the pulse rates by an assistant, usually with 
a stethoscope over the heart. Simultaneous counts by two assistants, 
one from the wrist and one from the heart, showed that a considerable 
degree of accuracy was quickly attained. Another assistant acted as 
recorder. The effect of change of position was determined both before 
and after exercise by having the subject lying flat on his back for the 
first three fifteen second periods and standing erect for the next three 
periods. The whole test required 230 seconds, the first forty-five lying 
down before exercise, the second forty-five standing before exercise, 
the hopping covered fifty seconds and was followed by lying and stand- 
ing position for two forty-five second periods. Twelve observations 
were thus obtained from each subject under four successively changing 
conditions 
SECTION |] 


THE REACTION OF THE CARDIOVASCULAR SYSTEM IN NORMAL 
INDIVIDUALS 

Che average reaction of the cardiovascular systems of normal indi- 
viduals and its variability under this test was first determined. For 
this purpose 300 soldiers between the ages of 21 and 31 were chosen. 
They stated that they were in good health at the time they were 
examined and none had suffered from any recent illness or infection. 
\ll had undergone two or more months of intensive physical training. 
The averages, coefficients of variation (the standard deviations 
expressed as percentages of their respective averages) are given in 
Tables 1 and 2. The frequency distributions for each of the twelve 
periods will be found in Table 11. The averages are charted in 
Figure 1. 

The conditions of this test constitute in reality two different tests, 
for the cardiovascular system has to adapt itself to two diverse forms 
of strain. There is the strain of adjustment to muscular exercise which 
requires that the nervous system, the heart and the vessels should work 
together to send a greater supply of blood to the active muscles. And 
there is the strain, both before and after exercise, of adjustment to a 
sudden change from a horizontal to a vertical position of the body. 
Chis requires an intricate mechanism of adaption from the cardiovas- 
cular system to prevent the force of gravity from interfering with the 
uniformity of blood distribution. Therefore in using the pressure and 
pulse rate measurements on normal individuals for establishing stand- 
ards we must distinguish between the effect of exercise and the effect 


of change of position, and must choose those periods in the series of 
measurements at which the effects are most marked. It is apparent 
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1 
} 


from Figure 1 that tl 1 


€ most pronounced effect of exercise is seen in 
the first period after exercise, and that the change from the recumbent 
to the erect position occurs in the first periods after standing. These 
are the points at which the effects of the two strains should be estimated. 
Che base from which the degree of effect should be measured is the 


third period in the lying position in the case of exercise, and the periods 


TABLE 1 AVERAGES OF 310 NorMALS 





Time in Seconds ! 
“> 45 eu 75 a) 140 1 170 185 00) 215 
Lying Standing Hop Lying Standing 
ping 
Systolic 17 127 125 126 134 131 1M 153 14, 138 145 141 
Diastolic 7* mt) *] i) “> a”) 6& 74 =5 &4 87 a7 
Pulse pressure 4 47 44 ay 44 41 AS 79 70 55 9 4 
Pulse rate mw 76 74 oF &4 a? 101 ” ~) 102 ¢ o% 
P.P P.R m> = 3TH 33m sO) Tuo 3m 00380 > 7190 40 5630 5930 5050 
immediately preceding standing in the case of the strain induced by ‘ 


change of position. The average effect can be deduced by difference 
from the averages given in Table 1. Thus exercise raises the systolic 
pressure from 125 to 156, an increase of 31 mm. of mercury while 
standing raises the systolic pressure 1 mm. before exercise and is uccom- 


: 
panied by a fall of 9 mm. after exercise. It would seem then that : 
normality might be expressed as all those differences which lie within 
the range of the average differences + and — some measure of varia- 
bility of the measurements. . 

TABLE 2.—Corricients OF VARIATION - x 100% 


wx Normals 





rir Seconds 
{ ‘ A 1 17018 . 1 , : 
Lying Before Standing Before Hop Lying After Standing After : 
Exercise Exercise ping Exercise, % Exercise, ‘ 
Syste 1 ] ] ] ] l 14 13 13 1 
Diastolic i 4 ] 1S l 17 1S 14 14 14 ] 
Pulse pressure s s ” 7 , ' > >) of 
Pulse rat l lf 1s 1s i l l 17 1 
PP. « PR 38 | ‘ 5s 23 | & tis 
4 
But to adopt this plan would be to neglect the possibility that the 
level of the base may influence the difference induced by strain. It may 
be that exercise produces a greater difference in a subject with low 
blood pressure and slow pulse than it would if before the exercise the / 
cardiovascular system were already in a state of hyperactivity. If that 


is so each initial level will have its own peculiar limits of variation. 

















In order to decide this preliminary question the data were arranged 
so that the amount of difference induced in subjects with initial! 
pressure and slow pulse could be compared with the difference produce 
in subjects with relatively high pressure and rapid pulse. The average 

TABLE 3.—Revation Between THE INITIAL LeveL or Pressure or P 
RATE AND THE Errect Propucep By STRA 
FE ffect of ¢ ge from Horizontal to V Pos 
Effect of Exercis 
Star ge Bete iE x a6 Sta gw After Ex ‘ 
Group N Aver Change Nu! Aver Chang Nur Ave ( ‘ 
ber of age of I ber of age of ber of ge ot 
Sut Grout Average Sub Group Average Sub G I \V v 
ects Before of Grouy ects Before of Grout jects Before of Grouy 
Exer Afte n Stand After Stand After 
Grouy cise Exercise | Group ng Standing Group g Standing 
Systolic Pres 
sure 

101-110 ( 104 +30 77 we 3 

111-120 S 118 31 & 118 2 ; 3 

121-130 128 + 33 128 2 4 128 5 

131-140 4 12% +30 cI 138 4 4 13y 5 

141-1 5 4" +32 s 148 2 # 149 1 

151-160 4 158 13 

161-170 42 168 15 


Diastolic Pres 


sure 


1- 4 SG 
67- 70 P| ¢ 10 61 69 7 ~ 69 9 
71- & 1k 79 12 0 79 6 lf Ss 3 
&] “ mt) ~s 14 ~ mh 4 “1 4 5 
91-100 ss —17 2 


Pulse Pressure 


21- %® 41 ~ - 46 4 8 1 
21- 40 x 3s - 44 4 s 3 
41- Ww 4s +41 101 4- 7 “> 4 Rg 
hl- 4 57 43 4: 7 "1 2 - 10 
61- 70 7 68 13 
71- & i ~ 16 
&] ” hS 1s 
71-100 ~ 21 
Pulse Rate per 
Minute 
- 60 ne 127 & 19 
61- 68 7 ts +26 66 19 
60- 76 S4 74 29 m4 74 18 64 { 16 
77- 8&4 4 ® 24 4 & 16 4 s 16 
by , n &o 29 36 a0 18 “ 14 
8-100 a 15 


165 . 4522 7 165% 77 
425 5825 lt 4 245 ‘ ‘ 225 





455 +6675 d 4 250 ¢ $04 379 


PTL aL uL ” 34 256 
TOO Te 4) ‘ 955 
die ROR 6 R419 843 


differences for groups with progressively increasing initial levels are 
given in Table 3 

n the case of the P. P. & P. R. product and also of the pulse pres 
sure and the diastolic pressure, the absolute difference induced by strain 
is shown in Table 3 to be dependent on the level from whi 


] 


ence is measured. On the other hand, the pulse rate figures show no 
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dependence and in the case of the systolic pressure there is an approxi- 
mately uniform increase after exercise whether the initial level is low 
or high. 

Porter and Richardson * made a series of observations on various 
species of animals in order to determine the effect of variations in the 
initial level of mean blood pressure on the absolute increase caused by a 
uniform stimulus. They found that with initial pressures from 20 to 
160 the increase was approximately the same whether the initial pres- 
sures were high or low. But neither their figures, nor those given here 
for the systolic pressure after exercise are sufficiently numerous to 
exclude the possibility of a slight degree of dependence. For the 
changes produced by strain in the different groups are as constant for 
the pulse rate as for the systolic pressure, and yet when a larger number 
of observations are dealt with it can be demonstrated that the higher the 


original level of pulse rate the less is the absolute increase produced 


TABLE 4.—ReLation Between tHE INitiAL Levert or Putse RATE AND THI 
Errect Propucep py Strain. Purse Rate Per MINUTE FROM 


Data on 1,000 Normat Recruits 


Effect of Change of Position: 


Effect of Exercise Standing Before Exercise 
Group Average Increase \verage Inerease 
Number of of Group in Average Number of of Group n Average 
Subjects in Before of Group Subjects in Before of Group 
Group Exercise After Group Standing After 
Exercise Standing 
60-49 1% 65 33 198 65 20 
“79 m~ 74 29 OD 74 17 
89 8 8 28 8 83 15 
ooo 8 _ Mo 26 8 O4 4-14 
by exercise and change of position. These data were obtained from 


counts made on 1,000 normal recruits under conditions very similar to 
those described here.’ 

The “probable difference between the averages” of the increases of 
consecutive groups were calculated and were found to be several times 
smaller than the actual differences. This fact taken in conjunction with 
the existence here of a double series both showing a progressive 
decrease excludes the possibility that these differences can be accidental. 

If an adequate number of observations were available, it might be 
found that a similar minor degree of dependence on initial level existed 
in the case of the systolic pressure also. But since in any case it has 
been shown that the original level is a factor in the change produced 
in all the other measurements, it is essential that the records after 
strain be grouped in accordance with the order of magnitude of the 
level before strain. It is only from the averages of these groups and 


3. Porter and Richardson: Am. J. Physiol. 23:131, 1908 
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from a measure of their variability that a standard may be deduced 
which will be applicable to all cases no matter how variable the level 
before strain. 

The usual measure of variability 
cable only in the event of the data grouping themselves in a “normal” 


the standard deviation—is appli- 


AVERAGES AND STANDARD DeviaTIONS AFTER STRAIN ARRANGED IN 


THE LeveL OF Pressure oR Putse Rate Berore STRAIN 


TABLE 5. 


ACCORDANCE WITH 








Basal Basal After 
Average After Strain Average Strair 
Before Before After 
Exer After After Standing Standing 
Group cise or Exercise Standing After After 
Standing Exercise Exercise 
Third First Third First Third First 
Period Period Period Period Period Period 
No. Av. Av og Av o AV No Ay Ay 
Systolic 
Pressure 
101-110 36 109 138 +1 131 +] 1] 11 
111-120 8 118 | #4149 +1 sv ll 120 +11 o 118 ll +S 
121-130 75 128 | 161 +15 153 +14 12 +11 40 128 
131-140 uw) 138 168 l 1 11 134 l 4 139 134 ‘ 
141-150 28 148 180 +11 170 +14 147 * 149 138 l 
151-160 4 158 145 l 
161-170 4 168 > 
Diastolle 
Pressure 
l- ; 59 68 
61- 70 61 69 @ +9 69 + 8 ¢ + 8 se 69 78 
l- & 110 79 fie! + 9 ‘ » SD + o 7 s 
S1- x 88 73 +10 82 +11 ¥. ( 61 88 m4 + 
91-100 98 81 +11 sy 10 yo + 
Pulse 
Pressure 
1- 30 41 28 74 +15 4 +1 29 +8 
l- 40 9. 38 SS +15 65 +11 36 +8 
41- 3 101 48 90 +1: 2 +1 41 +10 4 49 il + 9 
l- &@ 4 57 1” +1 ‘ +13 47 +11 s 58 4s +10 
61- 70 Ti 68 10 
1- 6 78 f +1 
S1- 90 , 88 ty 
91-100 98 8 t 
Pulse Rate 
8- 60 33 58 ‘ +10 71 +t 7é +10 
61- 68 "7 66 } +- 8 79 + & - 8 
60- 76 84 74 10. +11 &e +8 9 +8 64 4 +t 
S4 4 82 106 +11 89 +7 ) + 74 82 8 + 8 
SS t 90 118 +1] 10K rn 108 ‘ | 90 104 1 
43-100 38 97 1! 
P.P.« PR 
1000-1999 37 1653 6175 +208 145 +118 434 +40 
0K) 2009 & 2595 7830 +170 180 +1162 311 +k 
000-3999 107 3425 Pu) +1769 6195 +1338 3 ‘ 3545 0 & 
4000-4999 37 4375 10450 +1766 7125 +1225 3 4452 4k 4 
OOO 5009 25 5455 12190 +18 Sn + 16 Ui 5404 ar +102 
6000-6999 58 6343 (OST )«=—-+- 1988 
7000-7999 40 7412 645 +1500 
S000 8990 26 8419 757¢ +186 
curve. The frequency distributions given in Table 11 show that this 
may be assumed to be the case for blood pressure and pulse rate 


observations. 
In Table 
best adapted for revealing the effect of strain are given 


the averages and standard deviations for the periods 


The data in 
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the periods before strain were grouped in accordance with their order 
of magnitude, and the corresponding measurements after strain for 
each group were averaged and the standard deviation determined. Thus, 
for instance, the systolic pressures after exercise of all those individuals 


whose systolic pressure before exercise lay between 101 and 


averaged, and so on. From these figures standards of any degree 


rigidity may be obtained. For practical purposes it may be regarded as 


almost certain that no normal individual will deviate more than — 3.0 
times the standard deviation from the average. The odds are that only 


one individual out of 740 will vary as much or more than this from 
the mean. With lesser degrees of deviation the chances that the me 
surement might be such as would be given by a normal individual 
rapidly increase until at the average + 1.75 times the standard devia 
tion the odds are that one out of every twenty-five normals might 
deviate so far from the average. Between these two limits lie the cases 
which may be either normal or abnormal, the chances varying according 
as they approach the lower or the upper limit. In cases beyond the 
limit farthest from the average there is practically no chance of normal 
ity; in cases nearer the average than the other limit, the chances of 
normality are so considerable that there is not sufficient reason for 
raising the hypothesis of abnormality. 

In Figure 2 these limits are charted from smoothed curves derived 
from the data given in Table 5. In order to save space only the limits 
for the P. P. x P. R. product have been charted, and only the limits 
below the average after exercise and change of position have been 
defined because these standards are sufficient for the grading of the 
more important abnormalities found in the patients we examined. For 
cases with other types of abnormality similar standards can be easily 
prepared from Table 5. 

SECTION Il 


THE SIGNIFICANCE OF THE PRESSURE AND PULSE RATI 
REACTIONS OF NORMAL INDIVIDUALS 


In this section the reasons why exercise and change of position 
should produce the effects on pressure and pulse rate which we have 
noted are considered. The effects under consideration will be mor¢ 
easily followed by reference to Figure 1. In this chart, and in all the 
others given in this paper, the darker shading indicates that the sub- 
jects were lying down, the lighter that they were standing. The unshaded 
portion of the chart is the period during which they were hopping 
The curves indicate that exercise increases the pulse pressure, and the 
pulse rate, and markedly increases the P. P. & P. R. product. Chang- 
ing from the recumbent to the erect position decreases the pulse pressure, 


increases the pulse rate, and has no very definite effect on the 
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P. P.& P. R. product. Before attempting any discussion of these 
general effects special experiments were carried out in which the influ- 
ence of progressively increasing increments of work and the effect of 


several modifications in the position of the body were determined in 


LYING 


s 45 
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Fig. 3.—Lying \verage blood pressure and pulse rate reactions of a group 
of five normal persons observed while they were lying down in the intervals 
between increasing amounts of exercise. This figure should be compared with 
Figure 4 in which the reactions of the same group are charted from observa- 
tions made while they were standing. It will be noted that there is little dif- 
P.R. curves in this figure and in Figure 4. But 


ference between the P.P. 
pulse rate lower in the lying than in the 


the pulse pressure is higher and the 
standing position. 


the hope that the more pronounced pressure and pulse rate effects 

thereby produced would facilitate the interpretation of the results. 
These special experiments were simply a continuation and intensifi- 

cation of the exercise conditions under which the average effects shown 
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in Figure 1 were obtained, combined with various alterations in the 
position of the body.. Immediately after the completion of the observa- 
tions following 100 hops, the subjects hopped 200 times and after the 
same intervals for the measurement of the pressure and pulse rate 300 
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Fig. 4.—Standing. Average blood pressure and pulse rate reactions 
group of five normal persons observed while they were standing up in 
intervals between increasing amounts of exercise. This figure should be com 
pared with the results on the same group observed while they were lying down 
(Fig. 3). The systolic pressure curve shows what has been described 
“delayed rise in systolic pressure after exercise.” This is seen only 
subjects are standing up. It is absent from Figure 3 where the subjects were 
lying down. 


and then 400 and lastly 500 hops were taken. In this manner a con- 
secutive series of observations were made covering a period of nearly 
half an hour and the effect of the progressively increasing amount of 
work was determined. The position of the body was varied by having 
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the subjects lie down or stand up between the hopping, or alternately 
lie down and stand up at intervals of forty-five seconds between the 
exercises. A group of five normal individuals were observed during 
lying, standing, and alternate lying and standing experiments, and in 
another group of three normals ten experiments were pertormed lying 
on a tilting table, head down, at an angle of 23 degrees and compared 
with ten experiments on the same subjects in which the readings were 
made while they were standing. The averages obtained in the experi- 
ments in which one position was continuously maintained are charted 
in Figures 3, 4, 5 and 6. The alternate lying and standing experiment 
will be given later when the effect of change of position is discussed. 

The effect of exercise on the circulation has been studied by methods 
which allow of an accurate measurement of changes in the volume flow 
of blood, i.e., of the amount of blood flowing through the aorta per 
unit of time. This work has been recently collected and summarized 
by Bainbridge.’ It is agreed that two changes occur in the heart’s 
action. There is an increase in the amount of blood discharged at each 
systole and there is an increase in the number of systoles. The com- 
bined effect of both of these changes is an increase in the amount of 
blood flowing per unit of time through the aorta. Lindhard® and 
Newburgh and Means‘ found that when muscular work was performed 
there was a direct proportion between the amount of work done, and 
the increase in the volume flow of blood. This gives the most complete 
and final answer to the question as to the general circulatory effect of 
exercise, so that all we need do is to study our pressure and pulse rate 
data in order to find whether there is anything in them which might 
have enabled us to arrive at the correct conclusion if we had had to 
depend on them alone. If the volume flow of blood had been measured, 
and plotted on our charts it would have shown a progressive increase 
with each increment of work, so that if any pressure or pulse rate data 
can be taken as an index of changes in volume flow the curves derived 
from them must also show this progressive increase. 

When the charts are studied in the light of these facts it is clear 
that the only curves which can approximate to changes in volume flow 
of blood are the P. P. « P. R. curves. In all the four charts, irrespec- 
tive of the position of the body, there is a progressive increase as the 
work done increases. This is what might have been expected on a 
prior! grounds, for the volume flow of blood per minute is the product 


4. An experiment of this sort was made on this group while they sat down 
between the exercises. The results closely resembled those obtained in the 
standing experiments 

5. Bainbridge: The Physiology of Muscular Exercise, 1919, Oxford Press 

6. Lindhard: Arch. f. d. ges. Physiol. 161:233, 1915. 

Newburgh and Means: J. Pharmacol. & Exper. Therap. 7:441, 1915 
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of the systolic output per beat and the number of beats per minute 


The pulse pressure is produced by the systolic output of the 


other things being equal, will increase in direct proportion to an 


increase in the amount of blood discharged into the aorta with each 
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Fig. 5.—Inverted Lying. Average blood pressure and pulse rate react 
derived from ten experiments on three normal persons while they were ru 
inverted on a table at an angle of 23 degrees in the intervals betweer reasing 
amounts of exercise. 

This figure should be compared with the results he same grout serve 
while they were standing (Fig. 6). It shows that during erted | g tl 
pulse pressure is higher and the pulse rate lower th: n the s ling tior 
though there is not much difference between the P. P. &* P. R. curves in the tw 
experiments. 
systole of the heart. The P. P. P. R. product may, therefore, be 


' 1 


expected to follow changes in volume flow of blood more closely than 


any other pressure or pulse rate measurements. These charts show 


that what might be expected does actually occur 
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If any one of these charts is studied alone, it might appear that 
pulse pressure or pulse rate alone might follow the changes in volume 
flow, for both of these curves increase with each increment of work. 
But if the curves in the lying experiments are compared with the same 
curves in the standing experiments, it will be noticed that the position 
of the body has a considerable influence on the degree of increase 


STANDING 

















TIME IN SECONDS 


Fig. 6.—Standing. Average blood pressure and pulse rate reactions derived 
from ten experiments on three normal persons while they were standing in the 
intervals between increasing amounts of exercise. For comparison with Figure 5. 


shown by each of them. In Table 6 the first readings after exercise 
in the lying position are compared with the first readings after exer- 
cise in the standing position, and in Table 7 the first readings after 
exercise while the subjects were lying inverted are contrasted with read- 
ings on the same subjects made at the same point while they were 


standing. 
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In both comparisons the pulse pressure increase is less and the pulse 
rate increase is greater when standing than when lying. The reason fot 
these differences will be discussed when the effect of change of posi 
tion is considered. They are mentioned here in order to show that 
neither pulse pressure nor pulse rate alone can be adequate measures 
of the effect of exercise because they are influenced by a factor extra 


neous to the exercise. So also it may be said that neither systolic output 


TABLE ¢ Errect oF EXERCIS COMPARISON OF OBSERVATIONS Mape [MMe 
DIATELY AFTER EXERCISE ON SusByects WHo Were Lyinc Down, WitH 
OBSERVATIONS MApbE AT THE SAME PoIN »N HE SAME St ects WHEN 

\ 


THey Were Kept STANpDIN 


Exercis Blood Pressure Pulse Pulse 


Number Position Pressure Rate P.P.« PR 
of Hops SVstol Diastolic 

Stand x 147 r} a ~ 

1M Lving “> 8 ) { 
Standing { s4 

“ Lying 14 ‘ Wy 
Standing 140 4 , 1 
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DIATELY AFTER Exercise oN Susyects Wuo Were Lyinc INvertep Heap 
Down, WitH ORseRVATIONS MADE A 
Supyects WHen THey Were Kept STAnpine 


re Pulse Pulse 


Exercise sjlood Press 





Number Position Pressure Rate P. P P.R 
of Hops Systolic Diastolic 
hx Lying inverted 44 5 
Standing 13¢ 64 
m™ I ng verted ! ” &8 
ld £ ‘ ¢ 5 i , 
¥y verted uw f ” 
£ 144 , oO ~ii 
im nverted ‘ 6 iM Ww “ 
Standing 139 45 4 140 
PL Lying inverted 16 ‘ 110 ’ 
Standing ! 41 1 148 » 


per beat nor pulse rate alone are measures of the actual chang: n 
volume flow of blood. These changes can be measured only by the 
product of the systolic output per beat and the number of beats per 
unit of time And in the data we have obtained in these experiments 
the only curves which can coincide with the progressive and uniform 
increase in volume flow of blood which we know occurred, are the 
curves derived from the product of the pulse pressure and the pulse 


rate. 











It may be concluded, therefore, that an attempt to determine the 
effect of exercise on the circulation from pressure and pulse rate data 
alone could have been successful only if it had been based on the 


changes in the P. P. & P. R. product 
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Fig. 7.—Alternate Lying and Standing. Average blood pressure and pulse 





rate reactions of a group of five normal persons observed while they alternately 
lay down and stood up during forty-five second periods in the intervals between 


increasing amounts of exercise. The darker areas are the periods when the 
subjects were lying down, the lighter the periods during which they were 
standing. It will be noted that the P.P. & P.R. curve is almost smooth after 


100 hops but that on standing there is a progressively increasing break in the 


curve as the amount of exercise increases 


The foregoing interpretation of changes in blood pressure and pulse 
rate measurements after exercise 1n the light of knowledge of the actual 


circulatory effect may be used as a guide in discussing the effect of 


change of position, a question in which we have no decisive knowledge 
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to gu de us and one in which we shall accordingly have to depend on 


pressure and pulse rate observations alone. One result of difference 


in body position has already been noted in the comparison between read 


ings made in the lying and in the standing positions, but a more striking 
result was obtained when the subjects were required alternately to lie 
down and stand up at forty-five second intervals. This experiment was 
carried out on the same group of five individuals from whom the read 
ings charted in Figures 3 and 4 were obtained. The results are shown 
in Figure 7. The darker areas in the chart are the periods when the 
subjects were lying down, the lighter the time during which they were 
standing. 

The general result of these sudden alterations of position is that 
the smooth curves obtained in the experiments in which one position 
was continuously maintained are replaced by broken curves. The 
breaks recur regularly at each change of position. On standing, the 
systolic pressure drops and the diastolic pressure rises, so that there is 


TABLE 8.—Errect or CHANGE oF PositIOnN. COMPARISON OF OBSERVATIONS 0} 
Supyects IMMEDIATELY AFTER THEY Stoop Up With OBSERVATIONS ON THE 
SAME SUBJECTS AT THE SAME PoINT IN THE EXPERIMENT ON CONTINUED 


STANDING 


Exercise Blood Pressure Pulse Pulse 
Number Positior Pressure Rate P.P P_R 
of Hops Systolic Diastolic 
Teo Standing after lying 117 7 44 8 S35 
Standing continuously l 76 ” O4 1) 
LU Standing after lying 111 71 “ rr R7 
Standing continuously 14 74 69 ® 6.734 
4 Standing after lving 111 71 “0 1M 4.100 
Standing continuously 148 ts a 107 at TD 
44 Standing after lying 1 y r 11s 1.30 
Standing continuously 140 6s 72 14 8.1m 
dd Standing after lying I 71 4 12 41%) 
Standing continuously 138 6 75 1 48 


a great decrease in pulse pressure. But it will be noted that with every 
change in the pulse pressure curve there is a change in the contrary 
direction in the pulse rate curve. If these counterbalancing alterations in 
pulse pressure and pulse rate had exactly neutralized one another the 
P. P. x P. R. curve would have been quite smooth. But as the amount 
of exercise increases the breaks in the P. P. « P. R. curve become 
more and more marked. After 100 hops the curve is almost smooth, 
but after 500 hops there is a very pronounced fall during the first 
fifteen seconds after standing. So far as the product is concerned, 
these breaks in the curve immediately after standing are all that dis- 
tinguish this alternate lying and standing experiment from the lying 
experiment or the standing experiment on the same subjects. In the 
latter the P. P. P. R. curves are quite smooth, in this one they are 


broken. It is evident that in this experiment during the period immedi- 
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ately following the assumption of the erect position, and during this 
short period alone, some new factor becomes operative which has the 
effect of diminishing the P. P. x P. R. product. Elsewhere the prod- 
uct is smooth, and the changes in pulse pressure and pulse rate are such 
as have already been noted as characteristic of the standing as opposed 
to the lying position, and leave the P. P. « P. R. unaffected. But in 
this first fifteen seconds after standing something happens which is not 
present when the erect position is continuously maintained. This is 
evident from Table 8 in which the readings made during the first fifteen 
seconds after standing in the alternate lying and standing experiments 
are contrasted with readings made during the same period in the con- 
tinued standing experiment. 

In the figures from the continued standing experiment the 
P. P. & P. R. product increases from 5,380 after 100 hops to 9,548 
after 500 hops. The increase after each increment of exercise is, it is 
true, not so uniform as in the experiments in which the lying position 
was maintained, but there is, nevertheless, evidence of a relation between 
the amount of work done and the magnitude of the product. But in 
the alternate lying and standing experiment the product at this period 
is only 3,835 after 100 hops and after 500 hops it is only 4,190; that is 
to say, the product is not only considerably lower throughout, but fails 
to show the increase on additional exercise which occurs in all the other 
experiments. 

The correspondence we noted between changes in the P. P. « P. R. 
product and known changes in volume flow of blood allow us to inter- 
pret these abnormally low products as indicative of a failure of the 
cardiovascular system to supply the large amount of blood required on 
account of the amount of muscular work performed. We may, there- 
fore, conclude that after exercise the sudden assumption of the erect 
position is associated with a transitory circulatory failure. The mecha- 
nism of the inadequate blood supply, however, cannot be deduced from 
the product alone but must be looked for in the pressure and pulse 
rate changes from which the low products are derived. Table 8 shows 
that in the alternate lying and standing experiment the pulse rate is 
essentially the same as in the continued standing experiment, so we 
may conclude that the circulatory failure is not due to an insufficient 
number of systoles of the heart. After 500 hops when the circulation 
rate is most defective, the pulse rate is exactly the same as in the con- 
tinued standing experiment, and it is clear that at this and at all other 
points the product is low because of the low pulse pressure. After 
500 hops, for instance, the pulse pressure is only 34 as against 75 on 
continued standing. We may, therefore, conclude that the circulatory 
failure is due to an insufficient systolic output at each contraction of 


the heart. Figure 7 shows how great is the drop in pulse pressure 











towards the end of the alternate lying and standing experiment and 
2 & £ 
ilso how rapidly the discrepancy is made good. We must, therefore 


seek an explanation for an inadequacy in systolic output 
occurring during the first fifteen seconds after the assumption of the 
erect position in normal individuals fatigued by exercise 
Cardiae inhibition will not explain it for the pulse rate quickens 
It cannot arise from cardiac failure because the output increases again 
almost at once. It can then only be due to a temporary deer« 


amount of blood flowing back to the heart, and the 1 


ood which tailed 
to return to the heart must have been held in the capillaries or in the 
veins. The low systolic pressure is sufficient evidence that it was not 


I 


in the arteries. But why should 


a pooling of blood in the capillaries 
or in the veins occur, as Figure 7 shows it does, only when th 
subjects changed from the lying to the standing position? A ly 
mechanical answer would be that in the erect position the blood from 
the greater part of the body—the abdom« 


difficulty in getting back to the heart because it has to run up hill ag 


a and limbs has More 


the force of gravity. But the differences shown in Tabl 


the alternate lying and standing results and tl 


ind nose ¢ uned in. the 
continued standing experiment cannot be accounted for in this way i 
because at the period chosen for the comparison the force of gravity i 
was equally operative in both experiments. The effect of gravity may, 
nevertheless, be an adequate explanation of the differences in the 


pulse pressure and pulse rate levels in Tables 6 and 7, 


3 and 3, as compared with Figures 4 and 6. In these experiments 
the only essential difference in the conditions was that in the lying 
position the force of gravity was in abeyance while in the standing 
position it was at work. We may conclude, therefore, that the lowe 


pulse pressures and 





the higher pulse rates observed in the standing 


I i i} il 


position are due to the action of gravity, and they may b 





as indicating smaller systolic outputs at each beat of the heart with 

a larger number of systoles. It is allowable to surmise that this 

result is brought about by a lowering of pressure in the large vei I 
due to a diminution of the force of the stream of blood returning to ' 
the heart when it has to flow uphill against gravity This decrease ' 
In venous pressure would be followed by a decrease in the filling 

of the heart during diastole, and so to smaller systolic outputs pet 

beat. The increased pulse rate 1s a compensatory process, designed 

to counteract the necessary fall in venous pressure to prevent 

ny decrease in the volume flow of blood 


\nother secondary manifestation of the effect f gravity is tl 





‘ ( g he 
‘delayed rise in systolic pressure” which is seen only in the standing 
experiments (Figs. 4 and 6 This is surely mai in effect of 











gravity and not as has sometimes been supposed * a result of cardiac 
weakness. Nor is a temporary pooling of blood in the vessels of 
muscles suddenly relaxed by the cessation of exercise—a suggestion 
ottered by Cotton, Rapport and Lewis *—an entirely satisfactory 
explanation, tor there is no delay in the systolic rise after exercise in 
the lying experiments in which muscular relaxation must have been 
more complete than in the standing position. It may be accounted for 
as the result of a relatively smaller output per beat immediately after 
exercise due to the combined effect on the venous pressure of gravity 
and a delayed return of blood held in capillaries dilated by the exercise. 
\s these dilated vessels recover their tone the pressure in the large 
veins rises, the systolic output per beat increases, and thereby the 
delayed rise in systolic pressure is produced. 

But the force of gravity cannot be the only explanation of the 
real though transient circulatory failures shown by the breaks in the 
P. P. & P. R. curve in Figure 7, because there is no such failure in the 
continued standing experiments, although the fact that the breaks occur 
only during the first fifteen seconds after the change to the erect posi- 
tion would appear to show that it is one of the determining factors. 
But that gravity itself is not enough is indicated in Figure 7 by the 
fact that the product curve is almost smooth after 100 hops. It is 
only after 200 hops that a definite break occurs, and as the amount of 
work increases, the breaks become more and more pronounced so that 
the amount of muscular exertion which preceded the standing appears 
to have been a contributing factor in causing the delay in the return 
of blood to the heart. It should be remembered that the amount of 
work entailed in these exercises was very considerable, and although 
the subjects chosen were strong and healthy, they showed very evident 
signs of fatigue before the end of each experiment. Another proof 
that fatigue is a necessary factor is the absence of any break in the 
P.P. * P.R. curve shown in Figure 1 which was obtained from 300 
normal subjects after 100 hops. 

Why should a transient decrease in the return of blood to the 
heart occur when normal individuals, who are tired with muscular 
work, stand up? The phenomenon suggests a temporary failure under 
fatigue of some regulatory mechanism concerned with the adaption 
of the circulation to withstand the force of gravity. Krogh’s '® demon- 
stration of the power for active contraction possessed by capillaries, 
and Hooker’s ** proof that the capacity of the capillaries and venules 
is controlled through the central nervous system make it seem not 


8. Barringer and Teschner: Arch. Int. Med. 16:795 (Dec.) 1915 
9. Cotton, Rapport and Lewis: Heart 6:269, 1916 

10. Krogh: J. Physiol. 53: 399, 1920 

11. Hooker: Am. J. Physiol. 54:30, 1920 
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unlikely that the blood which failed to return ie heart 
experiments may have been held in the capillaries and venules because 
under the influence of fatigue the central nervous system did 
induce so quickly as usual the constriction of these vessels whicl 
would have prevented any pooling of blood within them under the 
influence of gravity 


‘he circulatory abnormalities shown in Figure 7 can be explained 


under the terms of this hypothesis. They arise under conditions of 
fatigue from muscular exertion as the result of a failure in the central 
nervous system.” The failure consists in an inability to produce witl 
sufficient promptitude the increase in the tone of the capillaries whicl 
is required to meet the effect of the force of gravity on the blood 
when the erect position is suddenly assumed. As a consequence the 


capillaries dilate before the strain, the blood is pooled in the tissues, 
there is a marked fall in venous pressure, in diastolic filling of the 
heart, and so in systolic output per beat and in pulse pressurt Phe 
systolic pressure falls because of the relatively small amount of blood 
forced into the aorta. The diastolic pressure rises because of the 
increased peripheral resistance caused largely by the banked up blood 
in the tissues. The delay in the return of blood to the heart is not 
entirely counteracted by the compensatory increase in pulse rate, and 
the heart for the moment fails to send an adequate supply of blood 
through the aorta to the body. These transitory circulatory failures 
are marked by the breaks in the P.P?. X P.R. curve in Figure 7 
Finally, it may be well to meet an objection which may be raised 
] 


on general grounds. The reaction of the cardiovascular system to 
exercise is so smoothly and faultlessly accomplished that it may seem 
improbable that there can be any failure to meet the mechanically mucl 
smaller strain involved in overcoming the force of gravity. But the 
perfection of the adaption to exercise is the fruit of uncounted ages 
of evolution. The adaption to the erect position is only recent and is 
not yet complete. 
SECTION Ill 
PRESSURE AND PULSE RATE REACTIONS IN PATIENTS 

1. Irritable Heart—The normal standards given in the first section 
of this paper were used in grading the reactions of men suffering 
from the condition known as irritable heart \ characteristic type 
of deviation from normality was constantly found. But the degree 
of deviation in any given patient varied somewhat from day to day 
even from hour to hour, and in order to diminish this variability the 
average of five tests on different days was usually take \ large 
number of records were thus obtained from these patients 


routine work of attempting to determine their capacity for military 
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Fig. &8.—Irritable Heart Patients. Average blood pressure and pulse rate 
reactions derived from 580 observations on 156 cases of irritable heart. It will 


e noted that the breaks in the P.P. * P.R. curve on standing before and after 


exercise are similar to the breaks in the product curve in normal persons after 


hausted by exercise (Fig. 7), for in both cases these breaks are 
1 drop in systolic pressure. Compare with Figure 1 
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service The averages ot tests on 156 ents who ha mee 
classified as belonging to what has been called the constitutio liv 
sion of the irritable heart group are given in Table 9 and rte 
Figure & 

In these patients the basal and daytime levels of pressure an 
pulse rate have already been shown to coincide fairly closely with 
normal Yet in spite of this essential normality in initial level 
comparison of Figure 8 with the curve of the average normal reaction 
in Figure 1 demonstrates a marked departure from the normal. It 
is therefore a latent abnormality which becomes apparent only undet 
strain. 

Further, it is an abnormality which is revealed only by a specifi 


t 
t 


the strait 


type of circulatory strain, 1.e S involved in the adaptior 


required when the erect position is assumed 


Figure 8 shows that 





the average reaction to exercise is entirely normal The variabilit 
is somewhat greater and in some cases there was what we calle 
TABLE 9.—AveracGe BLoop Pressure AND Putse Rate OpstaiNep FROM 58 

OBSERVATIONS OF 156 PATIENTS WiTH CONSTITUTIONAL NEUROCIRCULATOR 

DISABILITY 

Tir Seconds 
0 1 0 45 “> ” s Oo 
Lying Standing Hop Lying Sta X 
ping 

Systolic 131 129; 113; 135) 131 8 ‘ ‘ 
Diastolic 76 79 S4 oo »] 6 ; a4 ey as 
Pulse pressure “s) > = 45 "> ; ; ‘ ‘ 
Pulse rate..... 5 82 107 ” » 116 ” ? 110 is 
P. P.R. 4680 4120 29090 «43% sn) “s TT) 44 nO ¢ 
“overaction”, 1.e., an excessive increase in the P.P. X P.R. product 
after exercise, but on the average these patients have an adequate 


and normal response to the strain of exercise. On the other hand 


the average curves show a pronounced deviation from the norma! 


immediately after standing both before and after exercise. In some 
individual cases the difference from the normal was slight; in others 
it was very marked and constant And, in general, there seemed 
to be a fairly close relation between the severity of the symptoms at 
the degree of difference from the normal 

The nature of the abnormality is clearly shown in Figure 8. After 
standing there is a break in the P. P P. R. curve where it is almost 
smooth in normal individuals. These breaks are due to a sudden fal 
in pulse pressure and this again is mainly due to a drop in systolt 
pressure. If Figure 7 is consulted it will be seen that the abnormality 

12. Addis: Arch. Int. M. 29:539 (April) 1922 
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in the patients is in every respect similar to the failure in circulation 
which occurs in normal individuals when they are required to stand 
up after being tired with a considerable amount of muscular work. 
The only difference between the patients and the normals consists in 
the fact that this failure appears in the patients before they have 
done any work at all, while in normal individuals some degree of 
exhaustion by muscular exertion is required before any failure can 
be demonstrated. 

The cause of this particular form of circulatory failure has already 
been discussed in Section II. The conclusion was reached that the 
immediate cause is a failure of the capillaries to affect the adjustment 
of capacity required to counterbalance the force of gravity when the 
vertical position is assumed, and that the primary cause 1s a failure 
of the complex coordination of impulses which is required of the 
central nervous system. This explanation, which is in accordance with 
the facts observed in normal persons, is also in harmony with the signs 


and symptoms observed in the patients. As their hands hang down 


TABLE 10.—Btoop Pressure AND Putse Rate Reactions IN A PATIENT WITH 
HYPERTENSION AND SyMPTOMS SUGGESTIVE OF CARDIAC WEAKNESS 


Lying Standing Hopping Lying Standing 
25 Times 
Systolic 1 i ‘ 4 ry 1 ( , ( 0 
Tyiaste 14 1A 14 ] 14 13 145 1m”) i l 15 
I sey . ” tk 6 65 65 oO 7 ( 5 
I . 4 “ 14 WM lin he 10s 14 104 108 100 9. 
PI P.R ‘ un 4 AM inn 70 «6D rer | 6508 5980 
they are engorged, cyanosed and cold. This is the visible evidence 
of the delay and accumulation of blood in their capillaries. As they 
rise from the recumbent position, they become dizzy and faint. This 


is evidence of a failure in the return of blood to the heart and conse- 
quent temporary cerebral anemia. Their palpitations, precordial pain, 
and dyspnea, when conditions call for a sudden increase in the volume 
flow of blood, are the result of an inadequate and irregular return 
flow of blood to the heart from their dilated capillary areas. And 
there was ample clinical evidence in these patients of the nervous 
instability which I believe is at the root of the condition. A neuro- 
pathic family history is almost constant in the constitutional type, and 
a great variety of symptoms could be traced ultimately to defective 
nervous control. Later as men began to return from France many 
were seen who presented the same symptoms found in the constitu- 
tional type, though in less marked degree. They showed the same 
pressure and pulse rate reactions, though the fall in pulse pressure 


on standing was less pronounced. Psychic or physical exhaustion 


seemed to be the cause in this group of acquired cases and in them 
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the nervous element was strongly marked The condition is also 
common as a temporary sequel to all varieties of acute infection, and 
the same type of abnormality in pressure and pulse rate reactions is 
found. I believe that the same cause is at work in these three groups 
of cases. But we have no satisfactory term to describe the condition 
Irritable heart is unsuitable because the heart itself is not at fault 
Effort syndrome is not entirely satisfactory because muscular effort is 
not essential for the production of the symptoms. Neurocirculatory 
asthenia does not quite fit because weakness is no necessary part of 
the picture. The term neurocapillary stasis is suggested because it 
calls attention to the mechanism which causes the syndrome 

Cardiac Disability —The records in cases of compensated valvular 
defects show no abnormality apart from the well known effects of 
aortic insufficiency on the diastolic pressure. In definitely decom- 
pensated cases the test is inapplicable. But in a few patients who 
showed evidence of an early stage of decompensation interesting 
records have been obtained. In Table 10 and Fig. 9 are given the 
pressure and pulse rate of a man, age 44, with chronic diffuse nephritis 
and a moderate degree of impairment of renal function who was 
beginning to complain of dyspnea on exertion and occasionally a 
little edema around the ankles. The heart was enlarged but no evidence 
of dilation was found 

The striking point about this record is its uniformity, which results 


from the absence of any appreciable change in pressure and pulse 


rate after exercise. This was not due to an insufficient amount of 
exercise. The number of hops had to be restricted because of the 
patient’s dyspnea. It suggests, rather, the forced uniformity which 
would result if the heart, before the exercise, were already doing all 
it could. It resembles the phenomenon seen in renal decompensation 
where a constant rate of excretion is maintained under conditions 


which induce great variation in normal persons 
SUMMARY) 


SECTION 1 
1. Blood pressure and pulse rate curves showing the effect of 
exercise and of change of position were obtained from 300 normal 
persons. 

2. It was found that the degree of change in pressure and pulse 
rate produced by exercise and change of position is in part dependent 
on the level of pressure and pulse rate existing before the exercise 
or change of position. This fact must be taken into account 1n comput 
ing standards of normality \ separate standard for each initial 


level must be established 
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3. Averages and standard deviations for pressure and pulse rate 
reactions to exercise and change of position are given for a_series of 
initial levels 

SECTION II 

1. Blood pressure and pulse rate observations on normal persons 
before and after progressively increasing amounts of muscular work 
were charted as curves and examined with a view to finding whether 
it was possible to derive from them any indication of the regular 
increase in the volume of blood flow which is known to occur after 
each increase in muscular exertion. It was found that the systolic 
and diastolic pressure curve showed no constant relation to the work, 
and that the degree of increase in the curves of pulse pressure and pulse 
rate varied not only with the work but also with the position of the body. 
The only curves which under all conditions corresponded to changes 
in volume flow of blood were the curves derived from the P.P. X P.R. 
product. 

2. When normal persons were tired by muscular work, and were 
required to change from the recumbent to the erect position, there 
was an immediate, though transient, decrease in the P.P. X P-.R. 
product curve. The correspondence between changes in volume flow 
of blood and changes in the magnitude of the product, the nature of 
the pressure changes which gave rise to the decrease in the product, 
and recent evidence as to the contractility and innervation of the 
capillaries, are taken as a basis for the hypothesis that the product 
changes indicate a failure of the circulation to meet the effect of the 
force of gravity. The circulatory failure is secondary to a failure of 
the central nervous system to produce with sufficient promptitude the 
increased tone of the capillaries and venules which is necessary in 
order to prevent an accumulation of blood in the tissues when the 
erect position is assumed. 

SECTION III 

1. The type of abnormality in pressure and pulse rate reactions and 
the signs and symptoms found in patients suffering from the irritable 
heart syndrome support the hypothesis that the cause of the condition 
is a failure of nervous control over the capillaries. 

2. It is suggested that when weakness of the heart is the primary 
cause of circulatory failure the pressure and pulse rate curves show 
an unusual degree of uniformity in level before and after exercise. 
This uniformity results from an absence of the increase in pulse pres- 


sure and pulse rate after exercise which is one of the manifestations 


of that increase in volume flow of blood with which the normal heart 
meets the requirements of muscular exertion. 





